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CHAPTER I. INTRODUCTION 
Major agricultural changes have been more frequent during the past century as science 
has increasingly influenced on farm production. Each successive new discovery forms a base 
for further research as more efficient crop production techniques are superimposed on new 
and improved germplasm. The objective of conservation tillage/zero tillage has been to limit 
mechanical disturbance of the soil to that required for seed placement. Therefore, the 
purpose of conservation tillage/zero tillage is to control erosion, enhance crop performance, 
and use energy more efficiently (Koronka, 1973; Sprague and Triplett, 1986). 
Conservation tillage or zero till farming has been gaining popularity over the last two 
decades (Stephens and Johnson, 1993). During 1991, 7% of US farmland was planted no-till 
while another 20% was planted with fiill width tillage that left at least 30% surface residue 
cover after planting. In 1994 no-till and mulch-till acreage increased to about 21% 
(Conservation Technology Information Center, 1994). Soil and water conservation are 
perhaps the main two reasons for the development of zero tillage. The introduction of 
effective herbicides has made conservation tillage a reality. However, adverse soil conditions 
and large amounts of crop residues on the soil surface are problems that no-till planters must 
be able to cope with if efficient planting is to be accomplished. 
Tillage loosens the soil surface and allows the planter furrow opener to penetrate 
easily and the furrow closing device to cover the seed. With no tillage before planting, the soil 
usually has higher bulk density and penetration resistance (Soane et., 1975; Gantzer and 
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Blake, 1978; Griffith et al. 1977). Theuntilled compact soil may have a high mechanical 
impedance (Logan and Gowman, 1977), and may not flow easily to close the seed furrow 
during planting operation. Lindwall and Anderson (1977) found that double and triple disk 
drills generally fail to penetrate untilled surfaces adequately when the soil bulk density in the 
upper 50 mm exceeds 1.2 Mg/m' or when the quantity of surface residue exceeds 3700 kg/ha. 
Crop stand establishment is often regarded as the single most important stage of 
growth in the life cycle of a crop. Considering seed physiology and the risks of seedling 
failure, stand establishment is also considered to be the most vulnerable stage of development. 
The vigor and survival of the young seedlings influence the development of the crop 
throughout its entire life. Exploitation of soil moisture and plant nutrients by plant roots 
significantly affects the crop growth (Rosenberg, 1964). Any restriction to root 
development will definitely retard crop growth. 
Poor crop stands have occasionally been attributed to smearing of the sides of the seed 
furrow. Changing from conventional forms of cultivation to conservation /zero- tillage 
fanning has resulted in some benefits in that the damage to soil structure produced by frequent 
traverses of tractors and implements is decreased, and savings of fuel and labor are achieved. 
However, direct drilling gives poor crop stand especially on clay soils (Prebble, 1970). The 
implements used in direct drilling cut a shallow seed furrow for seed placement and in moist 
clay soils the sides of the seed furrow are smeared (Brown, 1968). Seed furrow smearing may 
reduce seed germination due to inadequate seed-to-soil contact. During planting with double 
disk openers in an untilled damp soil, the dispersed soil seals pores that would otherwise be 
accessible to roots. When soil is moist, it is weak enough to allow roots to deform the soil 
and penetrate, but as it dries soil strength increases to such an extent that a root can no longer 
deform the soil and to penetrate the root must find a pore larger than its own diameter. The 
dried smeared seed fiarrow sidewall, therefore, might impose an extra resistance to penetration 
of roots (Prebble, 1970). Smearing may confine the seedling roots to the seed furrow due to 
increased penetration resistance of the sidewall. 
Several authors have reported seed fijrrow smearing and sidewall compaction under 
specific soil conditions and with specific coulters (Dixon, 1972; Soane et al., 1975; Russell et 
al., 1975; Baker and Mai, 1982). Seed fijrrow smearing appears to occur most often in fine 
textured soils and/or when the soil is firm and wet at planting (Soane et al., 1975). 
The subject "Furrow sidewall smearing and compaction" refers to plastering and 
compacting the seed fijrrow sidewalls by furrow openers during planting operations in a wet 
soil. This plastering and compacting action results in polishing and smoothing the sidewall 
surface and compacting the soil behind the furrow sidewall. Therefore, smearing and 
compaction result in increasing the penetration resistance and bulk density of soil and 
decreasing air filled porosity of soil around the seed furrow. Moisture level of soil at the time 
of planting and after is of concern. Wetter conditions increase the tendency of the soil to 
adhere to the planter openers. A wet clay soil may create more smearing of the sides of the 
seed furrow at planting. A diy period after planting seems to make the problem worse due to 
shrinkage of clay soils (Jury and Gardner, 1991). The incidence of seed furrow sidewall 
smearing seems to be greater with conservation tillage, especially no-till systems. Thompkins 
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(1985) reported that yield reduction in no-tili fields has been associated with poor crop 
establishment and/or poor weed control. This risk of poor stand establishment has limited the 
adoption of conservation tillage. 
Planter double disk furrow openers, because of their wedging action, transmit their 
penetration forces to the soil largely in the form of lateral compaction when forming seed 
furrows (Dixon, 1972). These forces tend to form a uniform V-shaped furrow, free of loose 
soil, that assures uniform seed depth. In clay soils, furrow openers perform satisfactorily 
under low moisture and low compaction. However, in high moisture and high compaction 
conditions, clay soil does not remain friable; it is rather sticky, and does not flow fi-eely 
(Schaaf et al. 1979). In such soils the planter furrow opener may smear the sidewall of the 
seed furrow, inhibiting root penetration through the sidewall upon drying. 
A number of authors have noted planting equipment characteristics which they felt 
were important for successful plant growth (Baker et al., 1979; Chaudhry and Baker, 1980, 
1981, 1982). They suggested that the furrow opener and covering device should include the 
ability to maximize moisture diffusion across the soil-seed interface. Increasing seed surface 
contact with liquid phase water decreases germination time and increases germination 
percentage (Rogers and Dubetz, 1980; Sepaskhah and Ardekani, 1978). To optimize this 
effect the seed slot created by the seeding operation should be closed to the atmosphere. 
However, until now studies have not been done to quantify the seed furrow smearing which 
seems to reduce seed to soil contact and to increase penetration resistance upon drying. 
Just how to characterize soil resistance to root penetration is far from clear. Soil bulk 
density, penetration resistance (cone index), and air permeability are parameters that have 
been used as possible indicators of resistance to root penetration. The smeared sidewall soil 
layer is of some thin but unknown thickness, making it difficult to determine the appropriate 
sampling or probing depths. Additionally, it is difficult to sample and characterize thin soil 
layers because they are usually very small relative to norma! sample and measurement devices. 
Nevertheless, these measurements are needed to establish a quantitative basis for 
understanding fiirrow sidewall smearing. 
Objectives 
This research was designed to meet the following objectives: 
1. To measure bulk density, penetration resistance, and air permeability over a range 
of soil moisture and planting periods. These measures well characterize soil 
smearing and compaction in seed furrows formed with double disk openers. 
2. To determine the effects of sidewall smearing and compaction on com stand 
establishment and eariy plant growth. 
3. To determine the effect of coulter treatments ahead of double disk openers on 
sidewall smearing. 
4. To develop recommendations for planter operation to avoid seed furrow 
sidewall smearing and compaction. 
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CHAPTER II. LITERATURE REVIEW 
Conservation tillage practices for crop production are increasing in most parts of the 
world. In many countries conservation tillage practices are adopted with the intention of 
decreasing fiiel, labor, and machinery costs. Moreover, conservation tillage effectively 
controls soil erosion by both wind and water (Erbach, 1980). Plant residue on the soil surface 
and less soil disturbance produce soil environment different from that with conventional clean 
tillage. Nevertheless, planters must operate and plants must grow in this environment. With 
conservation systems, surface plant residue causes the greatest concern, but in addition, the 
soil may be wetter, firmer, or rougher, Wetter conditions increase the tendency of the soil to 
adhere to the planter and result in smearing of sidewalls of the seed furrow. Some 
occurrences of soil smearing with a triple disk coulter have been reported in the literature 
(Soaneetal. 1975). Some research on the incidence of soil smearing and compaction and 
their interactions with soil, planter, and plants have already been done. 
Factors affecting soil smearing and compaction 
An understanding of the factors which influence the degree of soil smearing and 
compaction is imperative prior to undertaking a seed furrow sidewall smearing and 
compaction study. These factors include the following: 
1. Soil type - in general, soil smearing and compaction present a greater problem for 
clay soils than for sandy soil. Even though clay soils generally have a larger 
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percent porosity than sandy soils, virtually all the pore spaces in sandy soils are 
macropores (Foth, 1978). After compaction has occurred there is still a larger 
proportion of macropores in sandy soils than in clay soils. Because the large 
pores are efficient in air and water movement, compacting a sandy soil will have less 
effect in impeding the movement of water and air than with compacting a fine 
textured soil. Compaction is most likely achieved with soils consisting of diflFerent 
sizes of soil grains, where smaller grains can fill into voids between larger ones. 
The colloidal clay exhibits the greatest specific surface area and is most active in 
physiochemical processes. Soils rich in illite clay particles absorb water and 
swell and shrink upon wetting and drying (Grim, 1953). The soil surface aggregates 
which collapse at higher moisture content may form a slick layer of dispersed mud due 
to rolling action of a steel blade over the soil surface. This layer may sometimes 
become several millimeters thick and plug the surface macropores, and thus tend to 
inhibit the infihration of water into the soil and the exchange of gases between the soil 
and the atmosphere. Upon drying, this smeared layer shrinks to become a dense, hard 
crust which impedes seedling emergence. As the soil drys, it cracks forming a 
characteristic polygonal pattern (Hillel, 1982). Yields are often more affected by 
compaction of soils with high clay contents compared with the soils low in clay 
contents (Hakansson et al., 1988). The above statements suggest that soil texture is a 
key variable influencing smearing and compaction. 
2. Soil moisture - the relationship between soil moisture and its smearability and 
compactiability is complex. Dixon (1972) studied the effects of different drill 
furrow openers on soil smearing and compaction at different moisture levels in a silt 
loam. He reported that furrow sidewall smearing in a silt loam soil occurred at 27% 
moisture content but not at 20 or 15%. The smearing effects are of importance only 
where the smeared portion is allowed to dry to form a hard in-groove crust (Baker, 
1976). 
3. Furrow opener type - Dixon (1972) reported that the effect on localized soil 
compaction and smearing effects within the seed furrow were related in part to the 
furrow opener penetration force required to obtain a prescribed operating depth. 
The double disk opener, because of its wedging action, appeared to transmit its 
penetration force to the soil largely in the form of lateral compaction. 
Furthermore, Dixon (1972) reported that a double disk opener required greater 
penetration forces, and created more soil compaction than hoe or chisel type 
furrow openers. Triple disk, hoe, and chisel type seed furrow openers require 941, 
226, and 117 N penetration forces respectively for planting in a silt loam soil 
(Dixon, 1972). 
Brown (1968) compared two types of " direct draught" drills. The 
difference between two drills was in their coulter arrangement. One had a vertical 
disk opener of small diameter and a tine seed placement unit, and the other a 
vertical disk opener and a double disk seed placement unit. He reported that the tine 
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unit penetrated well in hard soil but was liable to become blocked by surface 
residue, whereas the triple disk arrangement removed the problem of trash but did not 
penetrate well, particularly in a hard soil. He further reported that the triple 
disk coulter configuration worked effectively under normal conditions, but could not 
produce a favorable environment for seed in wet soil conditions. In wet soil, the 
sidewalls of the seed furrow were smeared by the revolving openers. He did not 
report any effect of smearing on seedling emergence and root penetration through the 
smeared sidewalls. 
Problems associated with smearing, incomplete seed furrow closure, poor 
soil/seed contact and water logging within the seed furrow have been widely 
observed, particularly under less favorable conditions (Soane, 1975). During a 
study on soil-machine interactions in zero tillage, Soane (1975) reported that 
smearing was frequently observed when a crop was planted with triple disk 
openers in silty clay loam at high moisture content. He did not report any 
quantitative measurement of smeared furrow characteristics. 
Baker (1976) reported that the chisel type furrow opener with its apparent 
ability to protect the seed (and therefore, the smeared surface) from the drying 
elements, appeared to sustain seedling emergence and establishment despite the 
presence of such a smear. On the other hand, such a protected in-groove 
environment also appears to be attractive to pests such as slugs. 
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Stephens and Johnson (1991) conducted soil bin tests to measure the soil 
strength with a penetrometer (6.3 mm cone dia) in and around the seed zone of 
several John Deere planting systems operated over a range of adjustments and soil 
conditions. Soil in the bin was a mixture of 40% well-graded sand and 60% 
illite clay. To increase sensitivity of bin soil to compaction, they set the soil 
moisture content at 11 percent (dry weight basis), the upper limit for mechanically 
conditioning the soil to a desired condition. The results indicated that all the 
openers reduced soil strength in an area extending from the surface to 15 to 30 mm 
below the seed, with no evidence of compaction, but closing systems could be adjusted 
to restore the original strength, or to increase it if desired. 
Effects of soil smearing and compaction 
on soil physical properties 
Some of the soil physical properties which are affected by soil smearing and 
compaction under conservation/zero tillage include the following: 
1. Bulk density - the most obvious change in the soil when direct drilling is introduced is 
its greater consolidation or compaction. Bulk density and resistance to penetration are 
usually greater in no-till condition than in polished land (Soane et a!., 1975) and the 
pore space of the soil is correspondingly reduced. Compaction typically reduces 
particularly the frequency of relatively large pores size between soil aggregates. These 
large pores fulfill a very important function; water drains freely under gravity through 
pores greater than 30-60 |am in diameter, while water is held largely by capillary forces 
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pores greater than 30-60 nm in diameter, while water is held largely by capillary forces 
in smaller pores. Aeration of the soil depends primarily on the larger pores. The 
changes in bulk properties of the soil would all appear deleterious since they tend to 
reduce the movement of water through soil, to decrease aeration, and to resist root 
penetration (Russell et al., 1975). 
Core sampling has long been used for bulk density measurements and the 
method is still widely used (Voorhees et al. 1978). Willardson and Taylor (1962) 
reported that bulk density estimates from small diameter samples (19 mm) were as 
good as, or better than, those from large diameter samples, and that the variance 
associated with the smaller cores was low enough for most uses. Thus Baker et al, 
(1982) designed a small (11 mm dia) piston type drive core sampler to enable core 
samples to be taken from the actual groove left after the passing of drill furrow 
openers. 
Baker et al. (1982) reported that smearing at the soil/coulter interface was 
observed in the triple disk groove at 29 percent soil water (g/g). Also the bulk 
density values measured at the base and sidewalls of triple disk grooves were 
significantly greater (p<0.05) than those at the base of the chisel opener grooves. 
Soil bulk density was related to the suitability of soil for no-till direct 
drilling (Pidgeon, 1980), rate of corn seedling elongation (Phillips and Kirkham, 
1962), rate of com root growth (Grable and Siemer, 1968) and infihration rate 
(Grumbs and Warkentin, 1972), 
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2. Cone penetration resistance - the cone penetrometer is a simple, convenient 
method of measuring cone penetration resistance or cone index. To adopt a 
common specification, the American Society of Agricultural Engineers (ASAE, 
1989) has specified two standard 30° cone sizes (20.27 and 12.83 mm diameter). 
There is conflicting evidence in the literature concerning the relative sensitivity of 
cone resistance and bulk density methods for measuring compaction responses in 
soils. Ronai (1982) advocated bulk density as a more appropriate parameter to 
characterize soil compaction than penetration resistance. However, Voorhees et al., 
(1978) compared these techniques in a five year study and found that bulk density 
increased by 20 percent or less while the corresponding increases of cone resistance 
were up to 400 percent, indicating a higher sensitivity of cone resistance 
measurements. Crop responses have also been inversely related to soil strength as 
indicated by penetrometer readings (Voorhees et al, 1978; Swanson and Jacobson, 
1956; Taylor and Bruice, 1968). 
Baker and Mai (1982) designed a multipoint penetrometer and used it to 
measure soil strength across the groove profile, normal to the groove sidewalls, and 
vertically beneath the base of each groove. They then measured soil strength in the 
groove created by triple disk fiirrow openers at 23 and 29 percent soil moisture 
content. They found that soil strength at the soil surface was generally increased for a 
distance of at least 55 mm from the groove center at 23 percent soil moisture content. 
The soil strength around this groove was least 15 mm from the groove center and 
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increased gradually with distance thereafter. Perhaps the 15 mm zone underwent 
some natural elasticity after passage of the couher as an open channel had been left 
into which elastic soil movement could expand to a limited extent. However, this 
pattern reversed at 29 percent soil moisture. Maximum resistance occurred close to 
the groove and declined with distance. Baker explained the more moist (therefore 
plastic) soil to transmitting less stress from its source of application. In the moist soil 
(29% m.c), smearing at the soil/coulter interface was observed, but there was no 
evidence of this having affected seedling roots. 
3. Pore size distribution - Mai (1978) made visual assessments of macro and micro soil 
structure in a sidewall of a seed furrow. He found that the soil near the walls of the 
triple disk groove appeared to be more dense and contained fewer large pores than soil 
from the chisel coulter groove walls. Other photographs of soil sampled two and three 
times the distance away from the groove walls showed less obvious, but nevertheless 
consistent, differences in poresize distribution. 
4. Air permeability - air permeability of a soil is a indicates the ability of the soil to 
transmit gases when a difference in pressure exists. Compression of the soil 
always reduces the air permeability. Grover (1955) designed a simple and versatile 
air permeameter which could be used for measuring the air permeability of thin soil 
crusts or silt layers. Since air permeability depends upon the porosity of the soil, 
which in turn depends upon the structure of the soil, air permeability has been used 
alone as an index of soil structure (Kirkham, 1947 ; Evans and Kirkham, 1950) or in 
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combination with water permeability as an index of soil structure stability. With the 
increase in moisture content air permeability decreases since less pore space is 
available through which air flow can take place (Evan, 1965). Evan designed an 
apparatus (gasometer) which could be used for air permeability measurements of 
disturbed and undisturbed samples. 
Harden and Pavlakis (1971) have shown that air permeability (Ka) and 
water permeability (Kw) have continuous values as a confined volume of soil is 
compressed because both permeabilities are primarily dependent on the size and 
interconnections of the macropores. They say that both the Ka and Kw are 
dominated by the geometry of the intercluster macropores and in particular by the 
degree of saturation of those pores. 
Kunnemann and Wittmuss (1976) developed and tested a soil air probe for 
measuring air permeability of three soil types (loam, silt loam, and silty clay 
loam). For each the three types of soils, they prepared core samples of six bulk 
increments of 0.1 Mg/m^ at four moisture contents of ranging from air dry to field 
capacity. Kummemann and Wittmus (1976) reported that air permeability decreased 
exponentially with the increase in soil bulk density for each type of soil. It was 
also reported that air permeability for sandy loam was considerably higher than that of 
the fine textured soils. The silt loam had slightly higher permeability than that of the 
clay loam soil. They related these results to the particle sizes in each soil type used in 
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the experiment. The larger the soil particles, the larger the interconnected pore spaces, 
hence the greater the air flow. 
Effects of soil smearing and compaction 
on plant growth 
The absorption of water and nutrients and anchoring plants are the main functions of a 
root system. If the soil is uniformly favorable, root growth is sufficient to supply the 
requirements of the plant; growth and yield suffer when stresses in the soil interfere with root 
function, e.g. by mechanical impedance, anaerobiosis, waterlogging, an inadequate supply of 
nutrients within the rooting zone, and limited water supply or unfavorable temperature. The 
response of roots to mechanical impedance deserves particular attention with respect to direct 
drilling because the soil can be more compact than ploughed soil. Roots are incapable of 
decreasing their diameter to enter pores narrower than themselves and their extension rate is 
much reduced if they have encountered small resistances to expand pores a pressure of one-
fifth of an atmosphere may reduce the elongation by 50 percent (Abdalla et al., 1969; Russell 
et al., 1975). The greater compaction of sidewalls caused by direct seeding units might 
cause anaerobic soil conditions through the restricted entry of oxygen, particularly in wet soil. 
The most obvious difference between direct-drilled crops and those grown in 
conventionally cultivated soil is that the former frequently has slower establishments (Russell 
et al., 1975). They reported this reduced early shoot growth can be associated with 
modifications of the root system. The main roots at first may elongate more slowly and are 
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more profusely branched; mechanical impedence due either to the greater compaction of the 
surface soil or sometimes the smearing of the seed fiarrows in which the seed is placed, seems 
responsible. However, if sufficient water and nutrients are absorbed for growth to continue, 
the early retardation of growth may not lead to a corresponding reduction of yield. 
Glabiszewski (1968) examined the growth dynamics of the root systems of crops 
(wheat, oat, and lupin) planted with conventional and direct drilling techniques in light sandy 
soils of fluvioglacial origin. The results of their study were: 1. The cultivation treatments 
had little effect on the growth of the oat stems, but the root system of direct drilled oats 
penetrated soil more rapidly than those planted with the conventional technique; 2. Root 
systems of direct drilled wheat penetrated slower than oats; 3. Lupin showed higher 
sensitivity to direct drilling than a either oats or wheat, and developed much more slowly 
during the initial growth stages. The restricted lateral root development in lupin crop was 
caused by increased compaction of the upper layer of soil. Indications of seed furrow 
smearing were not mentioned by the authors. 
Prebble (1970) examined the root penetration into a smeared soil surface. Soil used in 
the experiment was 58 % clay. Moist soil samples (at 0.1 bar matric suction) were prepared 
in cores (150 mm dia x 10 mm) by applying vertical pressures of 137, 206, 274, and 686 kPa. 
Two samples were prepared at each pressure, one of which was smeared by drawing a wet 
spatula several times across the top soil surface. Another set of soil core samples (in 
duplicate) were prepared by applying only 137 kPa pressure at 0.1, 0.5, 1.0, and 5.0 bar 
matric suction. All the core samples were covered with sand (with 1.62 Mg/m^ bulk density) 
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to a depth of 25 mm at the coiresponding soil matric suction. Wheat seeds were inserted into 
the sand cover such that the seeds just touched the soil surface underneath the sand cover. 
The first set of samples was placed at 45° and the other set was kept in a horizontal direction. 
Temperature of was maintained at 20° C. Prebble (1970) found that the degree of compaction 
was not important in wet soil (0.1 bar matric suction) but smearing had a significant effect on 
root penetration. Moreover, he reported that as the soil surface dried, root penetration 
decreased by about 50 % for a ten fold increase in suction whether the soil was smeared or 
not. He estimated a limiting matric suction of 2 and 10 bar for a smeared and unsmeared 
surface respectively. Finally he concluded that the horizontal compressed smeared surface 
presented a greater barrier to root penetration than an unsmeared surface even when the 
matric suction was as small as 0.1 bar. When the seeds were sown on soil placed at 45° 
angle, compressed at 137 kPa and at suctions greater than 0.1 bar, root penetration of the 
smeared surface was less than in the unsmeared soil, but the decrease was not as great as for 
the horizontal surface at the same suctions. Roots had little difficulty entering the unsmeared 
45° surface even at 1 bar suction (95 percent penetration in 45° unsmeared surface compared 
to 50 percent penetration for the horizontal unsmeared surface). He concluded that the 
effective suction was decreased by a factor of four for the samples kept at a 45° angle as 
compared with the horizontally placed samples, which resulted in the stated difference in root 
penetration. 
Barber (1971) examined the effects of different tillage treatments on root growth of 
maize. His experiment, on a silt loam soil in Indiana, lasted for eight years. After direct 
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drilling for six years the weight of roots down to 600 mm was less than half than that after 
conventional tillage (ploughed to 200 mm); the greatest concentration of roots was between 
100 and 250 mm in both the treatments. In the seventh and eighth years the weight of roots 
to a depth of 600 mm was only 9 percent less in the uncultivated treatment but the depth of 
maximum rooting density increased with depth of cultivation. 
Baker et al. (1982) reported that the triple disk coulter compacted the soil under and 
around the seed furrow more than did the chisel coulter, irrespective of the initial soil moisture 
content in the range 23-29 percent (dry weight basis) in a sandy loam soil. They also 
reported that when the initial soil bulk densities were favorable (1.0-1.04 Mg/m^), such 
compaction had little or no noticeable effect on seedling root development of either lupin or 
wheat. However, when initial bulk density was 1.32 Mg/m^, the resulting compaction arising 
from the triple disk coulter (1.44 Mg/m^) had a marked effect on lupin root development and 
in some instances caused root distortion and deflection. This effect was noticed regardless of 
whether or not the seed furrows had been allowed to dry after planting or had remained moist 
thereafter. 
Baker et al. (1982) extracted small samples from seed furrow sidewalls by freezing. 
These were then prepared using resin in a vacuum impregnation apparatus. He sectioned the 
samples and examined them by electron microscopy. They reported that the electron 
micrographs of the furrow wall illustrated the nature of the smearing created by the triple disk 
in the moist soil. However, small cracks could be seen in the smear. The cracks might allow 
some root penetration in the absence of drying of the smear to form a crust. Although drying 
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would not decrease the number or size of the cracks, the dryness and mechanical strength of 
the soil crust should increase and thus reduce root survival in this immediate zone. 
Bilbro and Wanjura (1982) planted cotton and studied the relationship of emergence 
characteristics and soil crust strength (penetrometer resistance). As penetrometer resistance 
increased, mean emergence date was delayed, emergence percentage was decreased, 
emergence rate index was reduced and seedling hypocotyle diameter was increased. 
Maximum seedling diameter (5.3 mm) occurred when the penetrometer resistance was 892 
kPa. It was concluded that if the penetrometer resistance of the soil crust 2-days after 
planting is 1364 kPa or higher, cotton seedling emergence will be prevented. 
Wanjura et al. (1966) used an indentation penetrometer to determine effects of 
compaction over the seed and soil drying on emergence of cotton planted 50 mm deep. They 
found that any amount of compaction over the seed reduced emergence, but that more than 
60 percent emergence occurred through compressed soil with penetrometer resistance of 710 
kPa. 
Bennett et al. (1964) related cotton seedling emergence to the force required to pull a 
fishing line through a soil crust. They found a progressive decrease in cotton emergence as 
crust strength increased from 44 N to 134 N pull. 
Parker and Jenny (1945) found that the vertical force required to push a 25.4 mm core 
sampler into the soil surface increased exponentially with increases in core weight. The 
experimental trials were made in Ramona loam at Riverside, California. Taubenhaus et al 
(1931) found that compacted soils prevented root penetration. 
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Hydrostatic pressure (turgor pressure) within the elongation region of the root 
provides the force necessary to push the root cap and merstematic region through the resisting 
soil. If the hydrostatic pressure is not sufficient to overcome wall restraint and soil 
impedance, elongation of that particular root tip ceases. Voorhees et al (1975) reported that 
penetration resistance of 2000 kPa could be assumed critical for root penetration in coarse 
textured soil. This corresponds to a normal point resistance of approximately 1500 kPa for 
fine textured soils. However, the critical level of penetration resistance will vary with the type 
of root system and soil and the penetrometer used. 
According to Gill and Bolt (1955), Pfeffer (1893) found axial root growth pressures of 
710 to 1966 kPa for Faba Vulgaris, 963 to 2523 kPa for Zea mays, 841 to 1348 kPa for Visia 
Sativa and 679 kPa for Aesculus hippocastanun. Esau (1966) quotes weatherly as stating that 
hydrostatic pressures within phloem may be as high as 3041 kPa. Stolzy and Barley (1968) 
found that root growth pressure of three pea plants was about 618 kPa. Taylor and Ratliff 
(1969) found axial root growth pressures averaged 953, 1318, and 1165 kPa for cotton, peas, 
and peanuts respectively. Taylor et al (1966) found a curvilinear inverse relationship between 
penetrometer resistance and percentage of cotton taproots that penetrated 25 mm layers of 
compressed soil. More than 60 percent of the taproots penetrated when penetrometer 
resistance was 507 kPa, but the penetration percentage decreased to 35 percent when 
penetrometer resistance was 1041 kPa, and ceased entirely at a resistance of 2534 kPa. 
Abdalla et al. (1969) conducted a study on mechanics of root growth in granular 
media. Plant roots were grown in a modified triaxial apparatus and were subjected to a range 
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of confining hydrostatic stresses. They found that confining pressures around 21 kPa were 
reasonably well tolerated by the roots, but as the pressure was increased beyond this value 
root elongation was rapidly attenuated until at pressures beyond 62 kPa root growth was 
almost completely arrested. It was observed that roots thicken under constraint and a 
hypothesis has been developed to account for the mechanics of root penetration in compact 
granular media. 
Phillips and Kirkham (1962) studied the effects of mechanical impedance on com 
seedling root growth. The com seedlings were grown in artificially compacted samples of a 
Colo clay with the moisture tension of 10 cm in some samples and 100 cm in others. The rate 
of com seedling root elongation decreased linearly as bulk density of Colo clay increased from 
0.94 Mg/m^ to 1.3 Mg/m^, or as needle penetration into the Colo clay decreased. Mechanical 
impedance as measured by bulk density and needle penetration, was the physical property 
most highly correlated with the reduction in growth and yield of corn. 
Veihmeyer and Hendrikson (1946) grew sunflowers in the laboratory and grapevines 
in the field and found that the roots penetrated Bale gravely loam to the depth at which the 
bulk density was 1.8 Mg/m^. They stated that bulk density alone was not the limiting factor, 
but the size of the pores was. This indicates that clays with lower bulk densities might be 
more difficult to penetrate than sands of higher bulk densities. In a later paper (1948) they 
showed this to be true. They found that no roots penetrated any soil with a soil bulk density 
of 1.9 Mg/m^ or above. In some soils 1.7 to 1.8 Mg/m^ were the limiting values, while in 
clays 1.6 to 1.7 Mg/m^ were the critical points. Bertrand and Kohnke (1957) reported that 
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com roots would not penetrate Fincastle silty clay loam compacted to a bulk density of 1.5 
Mg/m^. 
Flocker et al. (1959) designed a greenhouse experiment to determine some of the 
effects of reduced soil air spaces due to soil compaction on growth of potatoes. Three soils -
Yolo fine sandy loam, Salines clay loam, and Scramento clay - were compressed hydraulically 
to air spaces varying fi-om 42 to 2 percent. It was found that optimum growth occurred in soil 
with air spaces at about 30 to 35 percent, and that growth was sharply reduced at air spaces 
below 10 percent. Compacting the soil increased the time required for seedlings to emerge 
which resulted in poor crop growth. 
Zimmerman and Kardos (1961) conducted laboratory experiments to determine the 
effects of varying bulk densities upon root growth. They reported a highly significant negative 
correlation between soil bulk density and penetrating roots for soybeans and sudangrass. 
Visual examinations of root growth penetrating the soil cores showed distinct limitation to 
entrance and growth of roots at the higher bulk densities. This was noticeable at a bulk 
density of 1.6 Mg/m^ and pronounced at a bulk density of 1.8 Mg/m^ 
Merdith and Patrick (1946) reported that artificial soil compaction resulted in 
increased bulk density and decreased non-capillary porosity and water permeability. Root 
penetration into artificially packed cylinders of soil decreased as soil compaction was 
increased. 
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Soil smearing effects in general 
Wells are often installed by driving cased holes, and then backfilling as the casing is 
withdrawn, a procedure that causes distortion and remolding in the adjacent soil. In varved 
clays (clays with sandwich type layers of silt and sand within them) the finer and more 
impervious layers are dragged down and smear over the more pervious layers to create a zone 
of reduced permeability around the perimeter of the drain. This smeared zone reduces the rate 
of consolidation (Smith, 1990). 
The effects of smearing of clay soil adjacent to a porous plastic drainage layer were 
investigated by Berry and Wilkinson (1969). Smearing occurs when the compressible soil 
moves relative to the fixed porous material and is particularly significant in laminated soils 
where the smeared zone can impede drainage from the layer of greater permeability. 
Smearing of the plow layer bottom by plowshares creates a plow sole or plow pan in 
clayey soil in a wet state. The churning action by wheels, including the effects of wheel slip, 
can be more important than loading per se in bringing about degradation of soil structure and 
subsequent compaction (Davies et al., 1973). Traffic associated with harvesting potatoes and 
sugarbeets in wet conditions causes deep rutting, smearing, and compaction, which can inhibit 
drainage (Swain, 1975). 
In wet clayey soil, smearing can occur when the mole is pulled through, which can 
prevent water entry into the moles, but friction forces between the bullet and the soil can 
cause cracking of the smeared surface of the mole. These cracks or fissures, created also by 
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the shank to which the bullet is attached are important factors in mole drainage, especially 
near the mole (Leeds-Harrison et al., 1982; Youngs, 1985). 
Sommerfeldt et al., (1987) studied the bulk density distribution of soil around mole 
drains and also studied the smear and conditions at the surface of the mole. They installed 
mole drains at three different depths in a clay loam soil. Three water treatments were used in 
the soil: not flooded (D), flooded 1 week prior to installation, (Fl) and flooded 1 day prior to 
installation of drains (F2). The water treatments affected the conditions of the moles, the 
fracturing of the soil above the moles, and the bulk density of the soil around the moles. The 
greatest amount of smearing around the perimeter of the moles was observed in the F2 
treatment and the least was in the D treatment. 
Skotnikov et al., (1985) analyzed crop losses caused by soil compaction and smearing 
in relation to width of implement tracks and the number of passes. Crop losses were reduced 
by 50 percent by substituting gantry techniques for tramlining. 
Summary of literature 
This chapter has cited many references that report research into soil smearing and its 
effects on soil physical properties and on plant and root growth. Soil smearing has not been 
directly measured, but its effects have been clearly shown in measured differences in soil 
properties and crop performance. The literature shows that soil texture and moisture content 
are critical factors in soil smearing and its effects. 
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Seed furrow sidewall smearing has been found in no-till farming when the soil is wet 
and has higher percentage of clay. Smearing effects are more significant in early stages of 
crop establishment particularly at seedling emergence stage. 
Methods of avoiding seed fiirrow sidewall smearing are not yet well understood. 
However, different types and numbers of rolling coulters have been tried in front of planting 
equipment in no-till farming. These coulters are used to cut and mix the previous crop residue 
and to perform zone tillage for making a favorable environment for good root development. 
More information, under a variety of soil conditions, is required before a particular coulter 
arrangement can be recommended for producing a favorable environment for crop growth 
and for avoiding smearing in seed furrow. 
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CHAPTER III. MATERIALS AND METHODS 
Field studies 
The field studies were conducted in 1994 and 1995 in a somewhat poorly drained soil 
of the Clarion-Nicollet-Webster Soil Association at the Iowa State University Agricultural 
Engineering-Agronomy Research Center near Ames, Iowa. 
Experiment 1 
The initial field work began on April 29, 1994 to determine the effects of three coulter 
treatments on seed fiirrow sidewall smearing and related effects on com emergence and 
seedling growth. The soil was characterized as a Canisteo silty clay loam (Fine-loamy, mixed 
-calcareous-, mesic Typic Haplaquolls) (USDA, 1981), with sand, silt, and clay contents of 
24, 45 and 31 percent (dry weight basis) respectively. Field capacity and lower plastic limit 
moisture contents for this soil were approximately 30 and 24 percent respectively. The field 
was not cultivated and the residue from the 1993 com crop was present. The experiment 
consisted of a factorial design of three coulter treatments, three moisture ranges, and three 
planting periods. Treatments were replicated three times using a split-split plot design with 
main treatment plots measuring 23x23 m. Planting period treatments were the main plots, 
with soil moisture content treatments in subplots and coulter treatments in sub-sub plots. The 
experimental layout is shown in Figure 1. Treatment specifics are listed below. 
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Figure 1. Field layout for experiment 1 (1994) 
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Planting periods and dates: 
Period 1: April 29, May 5, May 12 
Period 2: June 6, June 8, July 7 
Period 3: July 15, July 22, August 11 
The three planting periods provided different temperature regimes and soil drying rates. 
Soil moisture range (planned) for the top 50 mm depth of soil; 
High (about field capacity) 28-32% 
Medium 24-28% 
Low (about lower plastic limit) 20-24% 
The strategy for achieving the desired moisture content was to wait for a rain and then plant at 
the desired moisture content as the soil dried. 
Coulter treatments: 
1. No-couher 
2. Single offset bubble coulter (Figure 2) 
3. Triple offset fluted coulter (Figure 3) 
Each subplot was 10 rows wide to accommodate two passes with a 5-row John Deere 
Max Emerge' planter (760 mm row spacing) (Figure 4). Working depth of couhers and 
double disk openers was adjusted to 50 mm. The planter was operated at a field speed of 8 
km/hr. Pioneer Hi-Bred 3563 was planted at 160,000 seeds/hectare. This high planting rate 
provided more plant observations per meter of row than would be available fi'om a normal 
' Mention of companies or commercial products does not imply recommendation or endorsement by Iowa State 
University or the US Department of Agriculture over other companies or products not mentioned. 
Figure 2. Single offset bubble coulter attached with 5 - row John Deere 
Max Emerge Planter 
30 
Figure 3. Triple offset fluted coulter assembly 
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Figure 4. Rear view of 5-row John Deere Max Emerge Planter 
(press wheels removed from treatment rows) 
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planting rate. The coulter treatments were applied (one per row) to three of the five rows, 
with the remaining two planter rows not part of the experiment. Standard rubber press wheels 
were used, with an intermediate spring tension setting, such that the vertical force required to 
lift the press wheels from a firm level soil surface was approximately 156 N (Lindwall and 
Erbach, 1983). Before planting, undisturbed soil samples for water content and bulk density 
determination were collected from 0-50 and 50-100 mm depths at three locations in each 
subplot. Thin-walled cylinders (50 mm dia x 150 mm) were pressed into the soil and carefully 
excavated (Figure 5). A plunger was used to remove soil samples from cylinders. Soil 
samples were carefully sliced into 50 mm increments so that a known volume of soil could be 
transferred to air-tight containers for analysis. 
Residue was raked and removed before planting. Two passes of the planters were 
randomly assigned to each subplot. One of the passes was made with and one without planter 
press wheels. Emergence data were taken fi-om the plots where the press wheels were used. 
In the plots where press wheels were not used, small thin walled cylinders (40 mm dia x 20 
mm deep) were used to remove smeared soil from the seed furrow sidewalls near the seed 
level (Figure 6). Three core samples were taken from the furrows of each coulter treatment 
for subsequent analysis with an air permeameter, as described by Evans (1965). These 
smeared soil samples were placed on a steel sieve and lowered 1 mm into a water bath for 300 
s so that water could rise to the surface of the soil sample by capillary action without 
disturbing the smeared surface. Samples were covered with a plastic sheet and allowed to 
drain from the bottom until they stopped draining (about 8 h). Any cracks in the smeared 
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Figure 5. Soil core sampler set for field experiment 
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Figure 6. A close view of core sampling of smeared seed furrow sidewall 
surface were sealed with pure clay and the air permeability of the soil was measured with the 
apparatus described by Evans (1965). 
A small cone penetrometer (6.3 mm diameter, 30° cone angle) was used to measure 
the soil strength vertically below the seed and perpendicular to the sidewall near the seed at 
the time of germination (Figure 7). Penetration resistance was measured as close as possible 
to the seed. The penetrometer was manually pushed into the soil and the force was read from 
a dial gauge. Soil strength was measured in three places along the length of each row for each 
coulter treatment. 
DiflFerences in emergence and early plant growth were noted for each coulter treatment 
using the method described by Erbach (1982). Forty-two days after planting, five plants from 
each row were harvested and weighed after drying in an oven at 65°C for 72 to 120 hr for 
shoot dry matter. Drying plants were weighed every day after 72 hr. until a constant dry 
weight of plants was achieved. 
Experiment 2 
A second experiment was initiated on May 16, 1995 to evaluate the effects of three 
coulter treatments on seed flirrow sidewall smearing and the related effects on corn stand 
establishment. This experiment sought to answer the same questions as the 1994 experiment, 
but in a different location with different soil texture, and of course with different weather 
conditions. This field was located about a half kilometer west of the field used for experiment 
1. The soil was characterized as a Nicollet loam (Fine-loamy, mixed, mesic Aquic Hapludolls) 
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1 30 degree cone pentrometer with 6.3 mm cone dia. 
2 90 degree steel frame as a guide for sidewall 
penetrometer resistance measurement 
Figure 7. Soil strength measurement apparatus 
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(USDA, 1981), with sand, silt, and clay contents of 39, 36, and 25 respectively. Field 
capacity and lower plastic limit moisture contents for this soil are approximately 23 and 18 
percent respectively. The field for this study was not cuhivated and the residue from the 1994 
com crop was present. As in experiment 1, the residue was raked and removed just prior to 
planting. This experiment also consisted of a factorial design of three coulter treatments, 
three moisture ranges, and three planting period treatments arranged as a randomized 
complete block. Treatments were replicated three times utilizing a split-split plot design in 
main plots measuring 23x23 m. Planting period treatments were the main plots, with soil 
moisture content treatments in sub plots, and coulter treatments in sub-sub plots. The 
experimental layout is shown in Figure 8. Treatments are listed below. 
Planting periods and dates: 
Period 1: May 16, May 24, May 31 
Period 2; June 15, June 22, June 30 
Period 3: July 31, August 2, August 7 
The three planting periods provided diflFerent temperature regimes and soil drying rates. 
Soil moisture range (planned) for the top 50 mm depth of soil: 
High (about field capacity) 22-25% 
Medium 18-21% 
Low (about lower plastic limit) 14-18% 
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- open planted seed furrow T1 = Period 1 T2 = Peroid 2 T3 = Peroid 3 ^ 23 m 
closed planted seed furrow II, 12.13 = Different planting dates for each peroid 
CO, CI. & C3 = No-coulter. Single offset bubble coulter, and Triple offset fluted coulter treatment respectively 
Figure 8. Field layout for experiment 2 (1995) 
The strategy for achieving the desired moisture content was the same as for the first 
experiment. We would wait for a rain and then plant at the desired moisture content as the 
soil dried. 
The same couher treatments were applied as for Experiment I, and the same 5-row 
John Deere Max Emerge planter (760 mm row spacing) was used for planting. Working 
depth of the single offset bubble coulter and the triple offset fluted coulter were adjusted to 50 
mm. Double disk furrow openers for the no-couher and single offset bubble coulter treatment 
were also adjusted to a depth of 50 mm. but the furrow openers for triple offset fluted coulter 
treatment were adjusted only to a depth of 35 mm. This was done to place the seed at the 
same depth under all three coulter treatments. Experiment 1 field trials had shown that 
keeping the same planter depth adjustment for all three couher treatments resulted in greater 
seed depth in the triple offset fluted couher treatment, due to loose soil. Therefore, before 
starting Experiment II, the required planter adjustments were made to place the seed at the 
same depth under all three coulter treatments. Pioneer Hi-Bred 3563 was planted at 160,000 
seeds/hectare. The rest of this experiment and the measurement of different soil and crop 
parameters were made with the same procedures followed for Experiment 1. 
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Determination of soil and crop parameters 
Soil texture 
Three composite samples were taken from a depth of 0-50 mm from each main plot 
for soil texture analysis. Thin walled cylinders (50 mm dia x 50 mm) were pressed into the 
soil and were carefully excavated. A total of 27 composite samples were collected from each 
field under each experiment. All the soil samples were air dried in a room for seven days 
before texture analysis. Particle size distributions were determined by the pipette method 
(Waker et al., 1978). Data were analyzed and the results of soil texture are given in Table 1. 
Field capacity of soil 
Vehimeyer and Hendrickson (1931) introduced the field capacity concept and defined 
it as "the amount of water held in the soil after the excess gravitational water has drained 
away and after the rate of downward movement of water has materially decreased". In situ 
field capacity is determined by adding water to a field soil to wet the soil profile to the desired 
depth. After the water has redistributed into the drier underlying soil and drainage from the 
initially wetted zone becomes negligible, the water content is taken as In Situ field capacity 
(Cassel and Niellsen, 1986). Various laboratory methods have been proposed for the 
estimation of field capacity. These include equilibrium of presaturated samples with a 
centrifiigal force 1000 times the gravity force or with a matric suction of 1/10 or 1/3 bar 
(Hillel, 1982). 
For field capacity determinations, soil samples were collected from both fields in the 
same way that the texture analysis samples were collected. Air dried samples (each weighing 
about 30 g) were passed through a 2 mm sieve and were placed in rubber rings on 1-bar 
pressure plates. The plates with the samples in rubber rings were soaked in water trays. After 
24 hours the samples and plates were transferred to a pressure chamber, where a matric 
suction of 1/3-bar was applied (Figure 9). All the samples were taken from the pressure 
chamber after 48 hours and their moisture content was measured by oven drying at 105° C for 
24 hours (Gardner, 1986). Field capacity (at -1/3 bar) moisture content data were analyzed 
and the results for both the experiments are tabulated in Table 1. 
Lower plastic limit of soil 
Lower plastic limit of soil is the moisture content at which the soil crumbles when 
rolled into threads of 3.2 mm (1/8 in) diameter (Das, 1994) (Figure 10). Soil samples were 
collected from each field as for soil texture analysis. After air drying for 7 days, each sample 
was passed through a No. 40 sieve to remove the coarse particles. Distilled water was mixed 
with each sample to form a stiff paste. The following steps were taken to determine the lower 
plastic limit of each sample. 
1. About 10 to 15 g of stiff soil was rolled into a ball. 
2. The soil was rolled out on a glass plate with the fingers until a thread 3.2 mm in 
diameter was formed. Soil was remolded into a ball. As the soil was worked and 
exposed to the air it lost moisture. 
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Figure 9. Field capacity measurement apparatus 
Figure 10. Lower plastic limit determinations in the lab 
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3. Above two steps were repeated until a thread was obtained which began crumbling 
when it reached a diameter of 3.2 mm. Gravimetric moisture content of crumbled 
threads was determined. 
4. Three determinations were made for each sample and the mean of the three values 
was considered the lower plastic limit. 
The lower plastic limit for each field (three replications) for both experiments is given 
in Table 1. 
Soil moisture content and bulk density 
Soil mass excavated by the core samplers (Figure 5) was determined as sampled and 
after drying to constant weight at 105° C for 72 hours. These masses were used to determine 
the soil moisture content and bulk density: 
Table 1. Soil physical properties of the experimental fields 
Particle size (mm) 
Year Field Sand Sih Clay Soil Field Lower 
Experiment (2- (0.05 - <0.002 texture capacity plastic limit 
0.05) 0.002) class ^ (% mc) (% mc) 
1994 1 24 45 31 Clay loam* 30 24 
1995 2 39 36 25 Loam" 23 18 
^Source: USD A. 1981. 
'Canisteo silty clay loam (Fine-loamy, mixed -calcareous-,mesic Typic Haplaquolls) 
** Nicollet loam (Fine-loamy, mixed, mesic Aquic Hapluodolls) 
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MC, ^ w - W d .,oo 
Wd 
where 
M C = Percent moisture content on dry weight basis 
W w = Mass of wet soil, Mg 
W d = Mass of oven dry soil, Mg 
BD = ^ (2) 
V 
where 
BD = Soil bulk density, Mg/m^ 
Wd = Mass of oven dry soil, Mg 
V = Volume of core, m^ 
Air permeability 
The apparatus designed by Evan (1965) was used to determine the air permeability of 
smeared soil samples (Figure 11). A 10 mm thick square plastic plate (100x100 mm) with a 
center hole (40 mm dia) and a concentric groove (43 mm dia x 4 mm) on one side of the hole 
was prepared. Another 8 mm thick square plastic plate (120x120 mm) with a center hole (40 
mm dia) was prepared. The first plastic plate with groove facing upward was fitted on the 
gasometer air outlet assembly. The core sample with smeared surface facing downward was 
placed over the hole on this plate. A rubber O-ring was fitted in the groove and the second 
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i-iiniti 
v. fSi 
1 calibrated guide rod 
2 float can with air chamber 
3 tank 
4 flexible air hose 
5 trap 
6 core sampler (40 mm dia x 20 mm) 
7 rubber 0-ring 
8 lower plastic plate with groove 
9 upper plastic plate 
10 sample holder 
11 water manometer 
Figure 11 Gasometer assembly for air permeability determinations 
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plate was centered over the inverted smeared core sample in such a way that the outgoing air 
was not restricted. This assembly was clamped with the gasometer air hose for permitting the 
air to pass first through the smeared surface. After clamping the smeared soil sample, the 
following steps were followed to measure the air permeability: 
1. Float can was raised to top of the guide rod. 
2. Trap tubing on the bottom of the gasometer was connected to the water 
manometer to measure the air pressure. 
3. Float was released and time taken by float can for falling a distance of 50.8 mm 
was recorded. 
Three measurements were taken and the average time was used to determine the air 
permeability of a sample: 
(3) 
P * A * t  
where 
K = Air permeability, m^ 
A = Cross-sectional area of smeared sample, m^ 
L = Length of core sample, m 
P = Manometer reading, N/m^ 
t = time, s 
n = Viscosity of air at room temperature, N-s/m^ 
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Q = Volume of air passing through the smeared surface, m^ = 3 .141 (R^ - r^) 1 
R = Radius of float can, m 
r = radius of guide rod, m 
1 = length traveled by float can in time ' t' , m 
Crop stand establishment 
A 12.2 m (40 ft) length of row for each coulter treatment was staked after planting 
com. The number of plants in each row was counted every day during plants emergence. An 
emergence rate index was calculated using the method described by Erbach (1982). 
t (4, 
n=First 'J 
where 
n = Number of days since planting 
%n = Plants emerged on day ' n as a percent of seeds planted 
%(n-l) = Plants emerged on day 'n-1' as a percent of seeds planted 
First = First counting day after emergence started 
Last = Last counting day when emergence completed 
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Depth of Planting 
Planting depth measurements were taken at the same time as the emergence count. 
Five plants randomly chosen during each emergence count were removed from each planted 
row. The distance from seed to the first indication of green plant tissue was taken as the 
effective planting depth. 
Growth chamber studies 
A 9x3 factorial design was used to determine the effects of nine moisture contents 
(22.76, 22.79, 24.24, 26.18, 28.54, 28.56, 28.64,28.72, and 28.9 %) at three levels of coulter 
(No-coulter, Single offset bubble couher, and Triple offset fluted coulter) on seed furrow 
sidewall smearing and related effects on com stand establishment. These 9 soil moisture 
contents were obtained by planting 9 times in the field experiment (3 planting periods x 3 
planting dates). Each of the 27 treatments were replicated three times. This growth chamber 
study was started on April 29, 1994 on a clay loam with sand, silt, and clay contents of 24, 45, 
and 31 percent respectively. Water analysis indicated that the field capacity and the lower 
plastic limit were 30 and 24 % respectively. A second trial with different moisture contents 
(15,76, 19.19, 21.58, 24.15, 24.45, 24.5, 25.04, 25.48, and 27.8 %) at the same three levels 
of coulters, was started on May 16, 1995, The soil used for the second trial was classified as 
loam vwth sand, silt, and clay contents of 39, 36 and 25% respectively. The field capacity and 
lower plastic limit of the soil were 23 and 18 % respectively. 
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Soil blocks (0.46 x 0.3 x 0.2 m) for growth chamber studies 1 and 2 were carefully 
excavated fi"om each treatment in the field when field experiments 1 and 2 were conducted 
respectively (Figure 12). Soil blocks were brought to the growth chambers within 4 to 6 
hours after planting where controlled temperature and lighting were maintained, 
A growth chamber (Model Cell 511 - 38 B, Sherer-Gillet Company, Marshall, 
Michigan 49068, USA) with inside dimensions of 2.5x1.4 m was used in 1994 and a different 
growth chamber (Rhizotron 3, National Soil Tilth Laboratory, USDA, Ames, Iowa) with 
inside dimensions of 3.9x2.3 m was used for the growth chamber study 2 in 1995. Minimum 
temperature for com growth is 10° C and the best is about 25-30° C (Willis et al., 1957). 
Therefore, an intermediate temperature of 21° C was maintained in both growth chambers to 
allow seed germination and to avoid rapid drying of a smeared furrow. Light controls were 
adjusted with a 12 h light and a 12 h dark cycle. The fluorescent and incandescent lighting for 
first and second growth chambers were rated at 55 and 251w/m^ respectively. Relative 
humidity was not controlled but was measured periodically and estimated to be 43-70 and 43-
80 % for the first and the second growth chambers respectively. 
The soil blocks were not watered. The emergence in each soil block was recorded 
each day and an emergence rate index was determined using the method described by Erbach 
(1982). After 28 days, the soil blocks were removed from the growth chambers and were 
processed to determine the soil moisture content, soil strength around the seed, final 
emergence, total seeds in each block, root dry weight in and out of the furrow, and shoot dry 
weight. 
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Figure 12. A dose view of tiie undisturbed soil block for 
growth chamber study 
Soil samples for moisture analysis were collected from the row area in each soil block 
using a thin-walled cylinder (25 mm dia x 150 mm) (Figure 13). Two to three samples were 
collected from each soil block at 0-50 and 50-100 mm depths and were transferred to air tight 
containers for transport to the oven for gravimetric analysis, 
A small cone penetrometer (6.3 mm diameter, 30° cone angle) was used to measure 
the soil strength vertically below the seed and perpendicular to the sidewall near the seed at 
the time the blocks were removed from the growth chamber. The penetrometer was manually 
pushed into the soil and the force was read from the dial gage. A steel frame having one arm 
perpendicular to the other was used to guide the penetrometer for measuring soil strength 
perpendicular to the seed fiirrow sidewall at the desired depth from the soil surface, Soil 
strength was measured in three places along the length of furrow in each soil block. 
Soil in each soil block was pushed up 50 mm above the steel box by placing a 
rectangular wooden frame (0.44x0.28 m) under each soil block and applying enough force at 
the four corners of the steel box. A plastic frame and clamps were used to hold the plants in 
their growing position. Then a sharp steel knife was used to dig and remove the 0-50 mm 
surface soil layer from one side of seed furrow along the whole length of each soil block. 
Care was taken not to disturb the roots during digging and removing the soil. After the soil 
from one side of seed fiirrow was removed, the pattern of root penetration was observed. 
A straight edge and a measuring scale were used to mark the in-fiirrow root area along 
the length of the furrow, keeping the standing plants in the center. Then a knife was used to 
remove the 0-50 mm deep in-flirrow soil volume from the previously undisturbed side of the 
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1 core sampler (25 mm x 150 mm) 
2 plunger 
3 sample cutting guide pipe (25 mm dia x 50 mm) 
4 can for soil sample 
Figure 13. Soil core sampler for growth chamber study 
furrow, along with shoots and roots. Shoots were harvested and in-furrow roots and seeds 
were separated from the soil. Total number of germinated and ungerminated seeds in each 
block were recorded. After removing the in-fiirrow roots, the out-of-fiirrow roots were 
separated from the soil by breaking each soil block and picking the roots very carefully 
(Figure 14). The in-fiirrow and out-of-furrow roots from each block were washed. Shoots 
and roots were dried in an oven at 65° C for 72 h to determine the dry matter weight. 
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Figure 14. Separating out of furrow roots from the soil in lab 
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CHAPTER IV. RESULTS AND DISCUSSION 
This study consisted of field and growth chamber experiments. Data collected from 
the experimental work are given in Appendices A, B and C. The analyses of variance were 
carried out using PROC GLM (General Linear Model) procedures of the SAS Institute (1991) 
and the tables are presented at the end of each appendix. 
Field studies 
Experiment 1 
Data collected are given in Appendix A. Because of the uncooperative weather, the 
planned soil moisture ranges could not be achieved and the actual soil moisture contents on 
the three planting dates in each planting period are presented in Table 2. Seed furrow 
smearing occurred in the top 50 mm depth of soil; the depth at which planter was adjusted to 
operate for planting com. Therefore, soil moisture content of this top soil layer was taken as 
a reference for discussing the results, 
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Table 2. Soil moisture content before planting for three planting periods 
Experiment 1, (1994) 
Planting period Planting date Moisture content (%)* 
At 0-50 mm At 50-100 mm 
1 April 29 28.54" 30.71 '' 
May 5 28.64 * 32.65' 
May 12 22.79'' 30.34'' 
Mean 26.66 31.23 
LSD (0.05) 2.16 1.83 
2 June 6 26.18*' 31.23 ' 
June 8 28.72' 30.80* 
July? 24.24 *' 27.54' 
Mean 26.38 29.86 
LSD (0.05) 2.13 ns 
3 July 15 28.99' 32,29' 
July 22 22.76 *' 29.38'' 
Aug 11 28.56' 30,59''' 
Mean 26.77 30.75 
LSD (0.05) 2.16 2.14 
Means followed by the same letter are not significantly different at 5% level of 
probability 
* Vertical comparison were done among values 
First planting period (April 29 - May 12") 
Temperature and precipitation for this period are presented in Table 3. 
Soil bulk density 
Soil samples collected before planting and at the time of germination for bulk density 
analysis indicated that planting usually decreased soil bulk density at both the 0-50 and 50-100 
mm depths (Table 4). However, the triple fluted coulter resulted in a significantly lower (5% 
level) soil bulk density than the no-coulter and single coulter treatments. No significant 
difference in bulk density between no-coulter and single coulter treatments was observed at 
either depth. The single coulter treatment had the greatest soil bulk density (1.11 Mg/m^) at 
0-50 mm depth among three coulter treatments, but was less than the preplanting bulk density. 
Air permeability 
Table 5 shows that mean air permeability (average over coulter treatments) was 
significantly greater on third date of planting (May 12) than the other two dates of planting. 
This greater mean permeability (12.3 x E-11 m^) might be due to soil moisture on the third 
date of planting being significantly lower than on the other two planting dates. No significant 
difference was observed between mean air permeability values on April 29 and May 5. 
Moreover, no significant differences among air permeability values of three coulter treatments 
were observed. Obtaining consistent measurements was difficult, partly because microcracks 
in the smeared surface of samples could not be sealed properly, resulting in high airflow rates 
for some samples. 
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Table 3. Temperature and precipitation data for first planting period (April 29-May 12) 
Experiment 1, (1994) 
Planting 
date 
Event with 
date 
Daily mean temperature 
between events ("C) 
Total 
precipitation 
after planting 
(mm) 
Total days 
after planting 
(no) 
Air Seed zone 
April 29 first emerg 
May 13 
11.5 12.4 31.0 14 
last emerg 
May 22 
19.2 19.8 48.5 23 
dry matter 
June 10 
20.7 21.1 119.9 42 
May 5 first emerg 
May 15 
15.0 14.6 36.1 10 
last emerg 
May 23 
19.9 20.6 41.9 18 
dry matter 
June 16 
20.4 21.0 122.4 42 
May 12 first emerg 
May 19 
18.4 18.8 17.5 7 
last emerg 
May 26 
19.5 20.7 23.6 14 
dry matter 
June 23 
21.4 23.3 165.8 42 
Source; US Department of Commerce, National Weather Service (1994). Iowa 
Department of Agriculture, State Climatology Office, Ames, Iowa. 
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Table 4. Soil bulk density before planting and after emergence for first planting period 
(April 29 - May 12), Experiment 1, (1994) 
Depth (mm) Bulk density (Mg/m^) 
Before planting 
0-50 1.12"' 
50- 100 1.34' 
Mean 1.23 
LSD (0.05) 0.06 
At emergence 
Triple Single No-coulter Mean* LSD (0.05) 
coulter coulter 
0-50 l.Ol" 1.11' 1.10' 1.07'' 0.04 
50- 100 1.23 " 1.30' 1.29' 1.27' 0.04 
Mean" 1.12'' 1.21' 1.20' 1.18 0.04 
'''Means followed by the same letter are not significanly different at 5 % probablity level 
* Horizontal comparison were done among the means 
'Vertical comparison were done among the means 
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Table 5. Air permeability after planting for first planting period (April 29 - May 12), 
Experiment 1, (1994) 
Air permeability (m2 x E-11) 
Coulter April 29 May 5 May 12 Mean * 
No-coulter 5.1 9.3 13.1 9.2' 
Single bubble 7.3 7.2 14.2 9.6' 
Triple fluted 14.8 2.1 9.7 8.9' 
Mean ** 9.1'" 6.2" 12.3* 9.2 
'Cleans followed by the same letter are not significantly diflFerent at 5 % probability level 
'^Horizontal comparison were done among the means (LSD (o.os) =5.8) 
'Vertical comparison were done among the means (LSD (o.os) = 5.1) 
Emergence 
Table 3 presents the weather conditions during the first planting period. As expected, 
com planted on April 29 took more time for first emergence and to complete emergence than 
was required for the other two dates of planting. The third planting date had the shortest time 
for completing emergence (Table 3), resulting in the significantly greatest emergence rate 
index (12.8 %/d) than first and second date of planting (Table 6). It took 23, 18 and 14 days 
to complete emergence for the crop planted on first, second, and third dates of planting 
respectively. These results agree with the findings of previous researchers ( Schneider and 
Gupta, 1985; Wijk et al., 1959, and Jones et al., 1963). Schneider and Gupta (1985) 
concluded that time to com emergence is mainly affected by seed zone temperature. They 
61 
Table 6. Emergence rate index (%/d) and percent emergence of com for first planting 
period (April 29 - May 12), Experiment 1, (1994) 
Coulter April 29 May 5 May 12 Mean * 
Emergence rate index (%/d) (ERI) 
No-coulter 6.6 9.0 13.2 9.6' 
Single bubble 6.3 9.1 13.4 9.6' 
Triple fluted 6.0 8.4 11.8 8.7'' 
Mean" 6.3' 8.8'' 12.8" 9.3 
Emergence (%) 
No-coulter 88.0 97.0 94.0 93.0' 
Single bubble 91.9 95.7 95.8 94,5' 
Triple fluted 89.6 96.7 98.3 94.8' 
Mean" 89.8' 96.4' 96.3' 94.1 
''"Means followed by the same letter are not significanly different at 5 % probablity level 
"Horizontal comparison were done among the means (LSD(o.o5) = 0.3 and 14 for ERI 
and Emergence respectively) 
'Vertical comparison were done among the means (LSD (o.os) = 0.3 and 4 for ERI and 
Emergence respectively) 
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observed most rapid com emergence at the wannest soil temperature (20-30 °C) when there 
was enough water for seed germination. Mean daily soil temperature in the root zone was 
greater for the third date of planting than for first and second planting dates, therefore the 
time to complete emergence was shorter. 
Table 6 indicates that there were no significant differences among percentage 
emergence for the three coulter treatments. However, the no-coulter and single coulter 
treatments resulted in significantly greater values of emergence rate index (%/d) than the 
emergence rate index (%/d) values of the triple coulter. This possibly occurred because the 
triple coulter treatment resulted in lower soil bulk density (Table 4). The looser soil might 
have permitted more moisture loss by evaporation fi-om the seed zone, which caused the delay 
in germination. 
Deeper planting is another possible explanation for the lower emergence rate for the 
triple coulter treatment. Gage wheel depth settings for the individual row units were set alike, 
but tilling done by the triple couher may have resulted in deeper seed placement than occurred 
for other treatment. Seed depth was not measured for the first planting period, but was 
measured for the second and third planting periods, and was indeed deeper for the triple 
coulter than for the other treatments (Tables 12). It seems likely then, that seed depth was 
also greater for the triple coulter treatment in the first planting period. 
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Soil penetration resistance 
The three coulter treatments used in this study might cause different compaction 
conditions in the seed furrow at the seed level and might result in different cone index values. 
Localized compaction of the seed furrow by planting equipment could impede root 
development. Soil characteristics that are likely to affect seed furrow compaction are: 
moisture content, texture, and structure. Soil characteristics and coulter types also influence 
the shape of seed furrow, degree of cracking, and amount of loose soil produced. In assessing 
planter performance, these factors also warrant consideration along with localized compaction 
and smearing. 
Penetration resistance measurements at the time of seedling emergence for the first 
planting period are presented in Table 7. Penetration resistance values were greater with the 
single coulter treatment than for the other two coulter treatments. This greater soil cone 
index was consistent with the greater bulk density found in the single coulter treatment. 
Moreover, the no-coulter treatment had greater penetration resistance than the triple coulter 
treatment when measurements were made in the furrow sidewall. Thus, the triple coulter 
treatment left the soil relatively loose, while the single coulter treatment compacted the soil in 
the seed zone. 
Plant dry matter 
Dry matter weights of the com plants harvested 42-days after planting were 
significantly lower (5% level) for the triple coulter treatment than for the two other coulter 
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Table 7. Penetration resistance below seed level and in the sidewall at com emergence 
for first planting period (April 29 - May 12), Experiment 1, (1994) 
Penetration resistance (kPa) 
Coulter April 29 May 5 May 12 Mean * 
•Below seed level (BSL) 
No-coulter 817.5 639.3 848.9 768.6*' 
Single bubble 1079.4 695.2 904.8 893.1 ' 
Triple fluted 712.6 670.7 915.3 766.2'' 
Mean " 869.9' 668.4 * 889.7' 809.3 
-In the sidewall (ISW)~ 
No-coulter 806.9 684.7 834.9 775.5'' 
Single bubble 848.5 813.9 1034.0 899.0" 
Triple fluted 583.4 517.0 793.0 631.1 = 
Mean ** 746.3" 671.9' 887.3 " 768.5 
'"'Means followed by the same letter are not significanly different at 5 % probablity level 
"Horizontal comparison were done among the means (LSD(o.o5) = 222.0 and 216 for 
BSL and ISW respectively) 
Vertical comparison were done among the means (LSD(o.o5) = 107,3 and 122.1 for 
BSL and ISW respectively) 
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treatments (Table 8). Planting date also significantly affected dry matter weight. 
Temperatures following the first date of planting (April 29) were lower than after the two 
other planting dates (May 5 and May 12). The low temperatures delayed germination, 
lowered emergence rate index (%/d), and reduced plant dry weight. Even though soil 
moisture content at the third planting date was lower than at the other two planting dates, 
plant dry matter was significantly greater. Com planted on third date of planting had 3 and 
1.3 times more plant dry weight than com planted on first and second planting date 
respectively. 
Table 8. Plant dry matter weight 42 days after planting for first planting period 
(April 29 -May 12), Experiment 1, (1994) 
Plant dry matter weight (gm) 
Coulter April 29 May 5 May 12 Mean * 
No-coulter 9.5 18.3 23.5 17.1' 
Single bubble 7.9 17 24.9 16.6* 
Triple fluted 4.8 14.3 16.2 US'" 
Mean " 7.4 = 16.5 •' 21.5' 15.2 
® Means followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means; (LSD(o.o5) = 1.63) 
'Vertical comparison were done among the means (LSD (o.os) = 1 -6) 
Precipitation after the third planting date (Table 3) supplied more than enough moisture for 
seed germination. Adequate moisture and higher temperature accelerated the germination and 
growth rates, resuhing in higher plant dry matter weight. As noted earlier, the single coulter 
treatment significantly increased bulk density in the seed zone. Table 8 indicates that the 
single coulter resuUed in greater plant dry weight than the triple coulter. This suggests that 
some compaction is needed in the seed zone to provide favorable conditions for seed 
germination and plant growth. The lower plant dry weight in the triple coulter plots reflects 
the slower emergence in those plots, and is quite likely due to deeper seed placement in the 
triple couher plots. 
Second planting period CJune 6 - Julv 7*) 
Temperature and precipitation data for this period are presented in Table 9. 
Soil bulk density 
Statistical analysis indicated that planting usually decreased the soil bulk density at the 
0-50 mm depth (Table 10), and that the single couher and no-coulter treatments resulted in 
significantly greater (5% level) bulk densities than the triple coulter treatment in the top 50 mm 
soil layer. However, no significant difference in bulk density was observed between the no-
coulter and single coulter treatments at 0-50 mm depth. The lowest bulk density, created 
by the triple coulter treatment, was 0.96 Mg/m^. There were no significant differences in bulk 
density among coulter treatments at the 50 to 100 mm depth. When the mean values of soil 
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Table 9. Temperature and precipitation data for second planting period (June 6-July 7) 
Experiment 1, (1994) 
Planting 
date 
Event with 
date 
Mean temperature between 
events (®C) 
Total 
precipitation 
after planting 
(mm) 
Total days 
after 
planting 
(no) 
Air Seed zone 
June 6 first emerg 
June 11 
20.7 21.7 47.2 5 
last emerg 
June 16 
24.8 24.5 57.9 10 
dry matter 
July 18 
22.5 25.8 170.7 42 
June 8 first emerg 
June 14 
21.1 22.0 35.3 6 
last emerg 
June 16 
26.2 26.3 35.3 8 
dry matter 
July 20 
22.7 25.9 158.1 42 
July 7 first emerg 
July 11 
21.2 25.6 0.0 5 
last emerg 
July 14 
21.8 24.3 21.3 8 
dry matter 
August 18 
21.3 24.3 115.0 42 
Source: US Department of Commerce, National Weather Service (1994), Iowa 
Department of Agriculture, State Climatology Office, Ames, Iowa. 
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Table 10. Soil bulk density before planting and after emergence for second planting 
period (June 6 - July 7), Experiment 1, (1994) 
Depth (mm) Bulk density (Mg/m^) * 
Before planting 
0-50 llO*" 
50- 100 1.28' 
Mean 1.19 
LSD (0.05) 0.05 
At emergence 
Triple Single No-coulter Mean * LSD (0.05) 
coulter coulter 
0-50 0.96'' 1.04' 1.01' lOO*" 0.03 
50- 100 1.21 ' 1.26' 1.21' 1.23' ns 
Mean" 1.09'' 1.15' 1.11'' 1.12 0.03 
''Means followed by the same letter are not significanly different at 5 % probablity level 
'Horizontal comparison were done among the means 
'Vertical comparison were done among the means 
bulk density for both depths were compared, the single coulter had a significantly higher bulk 
density than the other coulter treatments. 
Air permeability 
Table 11 shows no significant difference (5% level) between air permeability values 
(average over couher treatments) when planting was done at 26.18% and 28.72% moisture 
content. However, mean air permeability (17.9 E-11 m^) after planting at 24.24% moisture 
content was significantly greater than for the second moisture level (3.1 E-11 m^). This 
suggests that the seed furrow sidewall did not smear as much when the soil moisture content 
was 24.24%, which was close to the lower plastic limit (24%) of this soil. Comparisons 
among coulters (average over planting dates) indicate that mean air permeability for the triple 
coulter was greatest. Triple coulter treatment resulted in 4 and 2 times greater air 
permeability than no-coulter and single coulter treatments respectively. This is consistent with 
the lower soil bulk density of triple couher treatment. 
Emergence 
Table 9 lists temperature and precipitation data for the second planting period. The 
best soil temperature for com growth is about 25-30°C (Willis et al., 1957; Dormaar and 
Ketcheson, 1960; Nielson, et al. 1961; Anderson, 1962; Mederski and Jones, 1963; Allmaras 
et al., 1964; Beauchomp and Torrance, 1969; Walker, 1969). Table 9 shows, soil temperature 
during this planting period was suitable for good com growth. Mean emergence rate index 
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Table 11. Air permeability after planting for second planting period (June 6 - July 7), 
Experiment 1, (1994) 
Air permeability, m2 (x E-11) 
Coulter June 6 June 8 July 7 Mean * 
No-coulter 1.8 1.7 7.5 3.6'' 
Single bubble 5.2 2.8 12.8 6.9''' 
Triple fluted 7.8 4.7 33.4 15.3' 
Mean ** 4.9''' 3 .1^  17.9' 8.6 
"''Means followed by the same letter are not significanly different at 5 % probablity level 
"Horizontal comparison were done among the means (LSD (o.os) = 14) 
'Vertical comparison were done among the means (LSD (o.os) = 9.1) 
Table 12. Seed depth for second and third planting period, Experiment 1, (1994) 
Coulter Mean seed depth (mm) 
Planting period 2 Planting period 3 
No-coulter 43.2* 42.8' 
Single bubble 44.2* 43.6' 
Triple fluted 59.8'' 59.2'' 
Mean 49.1 48.5 
LSD (0.05) 1.3 1.5 
'"TVleans followed by the same letter are not significanly diflFerent at 5 % probablity level 
(%/d) did not vary significantly for the crop planted on June 6 and 8 (Table 13). However, 
mean emergence rate index (%/d) was significantly greater for the crop planted on July 7 than 
for the other two planting dates in this period. This might be due to comparatively low 
precipitation during the emergence period for the crop planted on July 7. Rainfall may have 
reduced the air supply to germinating seeds in seed zone and delayed the seed germination, 
resulting in lower emergence rate index (%/d) values for the crop planted on June 6 and 8 
than for the crop planted on July 7. Comparisons among coulters on each planting date 
indicate that the single couher generally had greater emergence rate index (%/d) values than 
the other two coulter treatments. Mean emergence rate index (%/d) (average over planting 
dates) was significantly greater for single coulter treatment than those for the other two 
coulter treatments. Also no-couher treatment resulted in significantly greater emergence rate 
index (%/d) than that for triple couher treatment. A possible explanation is that the triple 
couher loosened the soil, allowing more evaporation of moisture fi-om the seed zone, reducing 
the moisture supply to the germinating seeds, thus delaying germination. The single coulter 
treatment had the greatest soil density and the greatest emergence rate index (%/d). This 
suggests that favorable soil density around the seed may help moisture move towards the seed 
due to matric potential gradient 
Data in Table 12 indicate another possible reason for slower emergence in the triple 
coulter treatment plots. Planting depth was greater for that treatment, even though the depth 
gage wheels on all planter units were set alike. Evidently tilling by the triple coulter loosened 
the soil and resulted in a greater depth of seed placement. 
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Table 13. Emergence rate index (%/d) and percent emergence of com for second 
planting period (June 6 - July 7), Experiment 1, (1994) 
Coulter June 6 June 8 July 7 Mean * 
Emergence rate index (%/d) (ERJ) 
No-coulter 16.6 16.1 20.9 17.8'' 
Single bubble 16.9 16.5 22.3 18.5* 
Triple fluted 15.3 15.2 20.3 16.9' 
Mean" 16.3*' 15.9*' 21.2' 17.8 
Emergence (%) 
No-coulter 88.7 98.4 95.9 94.3 * 
Single bubble 92.8 97.1 93.5 94.5' 
Triple fluted 88.7 96.1 97.5 94.1 ' 
Mean" 90.1' 97.2' 95.7' 94.3 
''"Means followed by the same letter are not significanly different at 5 % probablity level 
"Horizontal comparison were done among the means (LSD (o.o5) = 0.75 and 12.3 for 
ERJ and Emergence respectively) 
'Vertical comparison were done among the means (LSD (o.os) = 0.60 and 4.2 for ERI 
and Emergence respectively) 
73 
Table 13 indicates there were no significant differences (5% level) among planting 
dates (average over couher treatments) in this planting period in mean percent emergence. 
Also, no significant difference in emergence was observed among coulter treatments when 
averaged over planting dates. Although, emergence rate index (%/d) was significantly lower 
for triple coulter treatment than for no-coulter and single coulter treatments, percentage 
emergence was not different. 
Soil penetration resistance 
Penetration resistance measurements for the three coulter treatments are presented in 
Table 14. Penetration resistance (average over planting dates) was significantly lower (5% 
level) for the triple coulter treatment than for other coulter treatments for the measurements 
made below seed level and in the sidewall. This lower value of cone index was consistent 
with the lower bulk density found for the triple couher treatment. Table 14 shows that 
penetration resistance values (average over coulter treatments) for the three planting dates 
were not significantly different (5% level) for the measurements made in the sidewall, but 
significant differences were observed for the measurements made below the seed, level. 
Moisture content on July 7 was significantly lower than on June 8, possibly resulting in 
greater penetration resistance below the seed. 
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Table 14. Penetration resistance below seed level at com emergence for second planting 
period (June 6 - July 7) , Experiment 1, (1994) 
Penetration resistance (kPa) 
Coulter June 6 June 8 July 7 Mean * 
•Below seed level (BSL) 
No-coulter 1143.8 979.4 1255.7 1126.3'' 
Single bubble 1332.7 1070.3 1388.7 1263.9' 
Triple fluted 975.9 682.1 1056.4 904.8' 
Mean *' 1150.8'' 910.6 •= 1233.6" 1098.3 
In the side wall (ISW) 
No-coulter 940.9 1045.9 968.9 985.2" 
Single bubble 1129.8 1273.2 1136.8 1179.9' 
Triple fluted 710.1 524.7 867.5 700.8' 
Mean " 926.9 * 947.9' 991.1 * 955.3 
''^'Means followed by the same letter are not significanly different at 5 % probablity level 
"Horizontal comparison were done among the means (LSD (o.os) = 44.3 and 65.6 for 
BSL and ISW respectively) 
'Vertical comparison were done among the means (LSD (o.os) = 44.3 and 65.6 for BSL 
and ISW respectively) 
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Plant dry matter 
Plant dry matter weight depends on soil and atmospheric conditions during the 
growing period. Generally, faster germination and emergence result in greater plant dry 
matter accumulation during the same growing period. The emergence rate index (%/d) values 
were significantly greater (5% level) for the crop planted on July 7 than for the earlier two 
planting dates (Table 13). The greater emergence rate index (%/d) most probably caused the 
significantly greater plant dry matter weight for the crop planted on July 7 (Table 15). 
Moreover cumulative precipitation values during the growing period were much greater for 
the crops planted on June 6 and June 8 than for the one planted on July 7 (Table 9). 
Table 15. Plant dry matter weight 42 days after planting for second planting period 
(June 6 - July 7), Experiment 1, (1994) 
Plant dry matter weight (gm) 
Coulter June 6 June 8 July 7 Mean * 
No-coulter 33.2 29.3 36.6 33.0" 
Single bubble 29.6 26.4 47.2 34.4" 
Triple fluted 25.3 21.5 23.6 23.5*' 
Mean ** 29.4'' 25.8*' 35.8' 30.3 
" Vieans followed by the same letter are not significantly different at 5 % probability level 
'Horizontal comparison were done among the means (LSD(o.o5) = 4.64) 
'Vertical comparison were done among the means (LSD(o.o5) = 4.6) 
The greater precipitation might have kept the soil profile saturated for much of the two earlier 
growing periods, with low oxygen availability to the plant roots resuking in reduced plant 
respiration and reduced plant nutrient uptake. The rainfall would also have kept the soil 
temperature cooler, reducing the growing degree day accumulation. These two effects, lower 
oxygen availability and lower soil temperature, might have decreased significantly the plant dry 
matter for the earlier two dates of planting. The results are in line with those obtained by 
Melsted et al. (1949). 
The effects of three coulter treatments on plant dry matter are shown in Table 15. It 
was shown previously (Table 10) that the triple couher treatment had a significantly lower 
bulk density in the seed zone than the single coulter. Table 15 indicates that the triple coulter 
resuhed in the lowest plant dry matter weight as compared with the other two couher 
treatments. This indicates that an increase in bulk density might positively affect plant dry 
matter. 
Third Planting Period (July 15 - August 11) 
Temperature and precipitation data for this period are presented in Table 16. 
Soil bulk density 
Soil samples (50 mm dia x 100 mm) collected before planting and at the time of 
germination showed approximately the same trend as was found in the two earlier planting 
periods. Bulk density for the triple coulter treatment was again significantly lower (5% level) 
than for the other two coulters treatments (Table 17). This strengthens the conclusion that the 
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Table 16. Temperature and precipitation data for third planting period (July 15-Aug 11) 
Experiment 1, (1994) 
Planting 
date 
Event with 
date 
Mean temperature 
between events (°C) 
Total 
precipitation 
after planting 
(mm) 
Total days 
after planting 
(no) 
Air Seed zone 
July 15 first emerg 
July 19 
22.9 27.0 0.0 4 
last emerg 
July 21 
23.5 27.3 0.0 6 
dry matter 
Aug 26 
20.7 24.1 102.6 42 
July 22 first emerg 
July 26 
22.2 26.1 0.0 4 
last emerg 
July 28 
18.2 21.8 8.1 6 
dry matter 
Sept 2 
20.6 23.5 122.4 42 
Aug 11 first emerg 
Aug 16 
18.9 21.2 29.2 5 
last emerg 
Aug 19 
23.5 26.8 29.2 8 
dry matter 
Sept 23 
21.5 24.3 146.8 42 
Source: US Department of Commerce, National Weather Service. (1994). Iowa 
Department of Agriculture, State Clmatology Office, Ames, Iowa. 
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Table 17. Soil bulk density before planting and after emergence for third planting 
period, (July 15 - Aug 11), Experiment 1 (1994) 
Depth Bulk density (Mg/m^) 
(mm) 
Before planting 
0- 50 1.05'' 
50- 100 1.23' 
1.14 
0.04 
Penetration resistance (kPa) 
Triple Single No-coulter Mean' LSD (0.05) 
coulter coulter 
0-50 0.96 1.00*'' 1.02" 0.99'' 0.05 
50- 100 1.21'' 1.27' 1.21'' 1.23" 0.05 
Mean" 1.08'' 1.14" 1.11"'' 1.11 0.03 
"''Means followed by the same letter are not significanly different at 5 % probablity level 
"Horizontal comparison were done among the means 
'Vertical comparison were done among the means 
Mean 
LSD 
(0.05) 
triple coulter loosens the soil and results in lower bulk density in the seed zone. Moreover, all 
the couher treatments resulted in lower bulk density than in the preplanting soil condition, and 
are in agreement with the results found in the first and second planting periods. 
Air permeability 
Table 18 presents the results of air permeability measurements on three planting dates 
for three coulter treatments. The triple couher resulted in greater air permeability than the 
other coulter treatments on all three planting dates. Mean air permeability (average over 
planting dates) was significantly greater for triple coulter treatment than for the other coulter 
treatments. The triple coulter treatment had 4 and 3 times greater air permeability than no-
couher and single coulter treatments, respectively. This indicates that the triple coulter 
resulted in loose soil and did not polish and compact the seed furrow sidewall as the other two 
coulter treatments may have. Measured air permeabilities were highly variable and did not 
correlate well with soil moisture content. Mean air permeability (average over coulter 
treatments) was significantly greater at 28.9 percent than at 22.76 percent soil moisture. No 
significant difference in air permeability was observed between 22.8 and 28.6 percent soil 
moisture. The reason for this variation in air permeability is not clear. As mentioned earlier, 
obtaining consistent measurements was difficult, partially because microcracks in the soil 
surface could not be sealed properly, resulting in high air flow rates for some samples. 
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Table 18. Air permeability after planting for third planting period (July 15 - Aug. 11), 
Experiment 1, (1994) 
Air permeability (m2xE-ll) 
Coulter July 15 July 22 Aug. 11 Mean * 
No-coulter 4.2 4.2 4.1 4.2*' 
Single bubble 5.9 5.7 5.9 00
 
Triple fluted 22.2 12.6 16.1 17.0' 
Mean ** 10.8' 7.5'' 8 7ab 9.0 
'"^eans followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means (LSD (o.os) = 3.1) 
'Vertical comparison were done among the means (LSD (o.os) = 3.3) 
Emergence 
Seedling emergence is affected by bulk density and moisture content in the seed zone 
and by temperature during germination. Table 19 shows no significant differences (5% level) 
among percent emergence values for the three planting dates and the three coulter treatments. 
This is likely due to adequate soil moisture and favorable temperature during the complete 
emergence period (Table 16). Planting on different dates resulted in significant variation (5% 
level) in emergence rate index (%/d) values. Com planted on July 15 and July 22 had 
significantly higher emergence rate index (%/d) values than that planted on August 11. The 
reason for the difference is not simply variation in moisture content, because moisture 
contents on July 15 and August 11 were similar. The emergence rate index (%/d) values were 
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Table 19. Emergence rate index (%/d) and percent emergence of com for third 
planting period (July 15 - Aug 11), Experiment 1, (1994) 
Coulter July 15 July 22 Aug 11 Mean* 
Emergence rate index (%/d) (ERI) 
No-coulter 22.6 21.5 19.6 21.2'' 
Single bubble 24.4 22.7 20.9 22.7" 
Triple fluted 21.5 21.2 19.6 20.8*' 
Mean" 22.8* 21.8* 20.0'' 21.6 
Emergence (%) 
No-coulter 91.1 86.0 89.8 89.0' 
Single bubble 94.9 92.8 88.4 92.0" 
Triple fluted 95.9 97.7 90.1 94.5" 
Mean" 94.0" 92.2" 89.4" 91.9 
"''Means followed by the same letter are not significanly different at 5 % probablity level 
'Horizontal comparison were done among the means (LSD (o.os) = 1-2 and 17.2 for 
ERI and Emergence respectively) 
Vertical comparison were done among the means (LSD (o.os) = 0.8 and 7.7 for ERI and 
Emergence respectively) 
significantly greater with the single coulter treatment. The higher emergence rate index (%/d) 
values might be due to compaction created by the single coulter in the seed zone. Even 
though the air permeability in the seed furrow sidewall created by the single coulter was lower 
than that for the triple coulter treatment, the emergence rate index (%/d) was significantly 
greater for the single couher, indicating a negligible effect of smearing on germination and 
emergence under wet conditions. 
In this planting period also, emergence rate for the triple couker treatment was likely 
slowed by the unintended greater planting depth of that treatment. The depth of planting data 
are shown in Table 12. 
Soil penetration resistance 
Table 20 shows that the single coulter and no-coulter treatments resulted in 
significantly greater values of penetration resistance below the seed and in the sidewall than 
did the triple coulter treatment. These greater penetration resistance values were consistent 
with the greater bulk densities found for the no-couher and single coulter treatments. The 
results indicate that the triple coulter treatment churned the soil and left the soil loose in the 
seed zone. Cone index values (Table 20) measured below the seed and in the sidewall were 
greater for the crop planted on July 22 than for those planted on the other two planting dates. 
This indicates that low soil moisture content results in greater penetration resistance values. 
These results agree with the findings of Taylor and Gardner (1962), who concluded that soil 
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Table 20. Penetration resistance below seed level at com emergence for third planting 
period (July 15 - Aug 11), Experiment 1, (1994) 
Coulter 
Penetration resistance (kPa) 
July 15 July 22 Aug 11 Mean 
Below seed level (BSL) 
No-coulter 996.9 1136.8 947.9 
Single bubble 1147.3 1255.7 1147.3 
Triple fluted 878.0 912.9 878.0 
1027.2" 
1183.4' 
889.6'= 
Mean 1007.4' 1101.8 991.1 1033.4 
-In the side wall (ISW)-
No-coulter 
Single bubble 
Triple fluted 
762.5 
902.4 
374.3 
965.4 
1245.2 
675.1 
783.5 
1147.3 
664.6 
837.2' 
1098.3 
571.3' 
Mean 679.8 961.9' 865.1 835.6 
'"^Means followed by the same letter are not significanly different at 5 % probablity level 
"Horizontal comparison were done among the means (LSD (o.os) = 81 and 91.6 for BSL 
and ISW respectively) 
'Vertical comparison were done among the means (LSD (o.os) = 81.1 and 91.6 for BSL 
and ISW respectively) 
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penetration resistance increases with an increase in bulk density and a decrease in matric 
potential (decreased water content). 
Plant dry matter 
Dry matter weights of com plants harvested 42 days after planting are presented in 
Tables 21. Plant dry matter weight was significantly lower for the crop planted on August 11 
than for that planted on July 15. This is most likely due to the com morphology and day 
length shortening, rather than to precipitation amounts or to root environment. 
Table 21. Plant dry matter weight 42 days after planting for third planting period 
(July 15 - Aug. 11), Experiment 1, (1994) 
Plant dry matter weight (gm) 
Couher July 15 July 22 Aug. 11 Mean * 
No-coulter 26.0 21.3 20.3 22.5" 
Single bubble 25.8 19.9 18.4 21.4" 
Triple fluted 22.4 16.4 16.1 18.3 '' 
Mean ** 24.7' 19.2*' 18.3'' 20.7 
'"^eans followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means (LSD (0.05) = 2.5) 
'Vertical comparison were done among the means (LSD (0.05) = 1.5) 
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Table 21 shows that the no-coulter and single coulter treatments resulted in 
significantly greater (5% level) plant dry matter weights than the triple coulter treatment. 
These results are consistent with results from the previous planting period and are probably 
best explained by the greater planting depth in the triple coulter plots (Table 12). The triple 
coulter treatment also had the lowest soil bulk density at emergence (Table 17) and this may 
have had some adverse effect on early plant growth. 
Experiment 2 
Data collected from the second experiment are presented in Appendix B. Soil samples 
taken at 0-50 mm and 50-100 mm depth on the three dates in each planting period were oven 
dried for measuring soil moisture at the time of planting. The analyzed results are presented in 
Table 22. Soil moisture contents of the top 50 mm depth were used as a reference for 
discussing the results of different parameters studied in this experiment. 
First planting period (Mav 16 - Mav 31") 
Temperature and precipitation for this period are presented in Table 23. 
Soil bulk density 
Summary of significance levels for F-tests is given in Table 24. Bulk density results are 
presented in Table 25. Coulter treatments showed a highly significant effect on soil bulk 
density. Table 25 indicates that bulk density decreased after planting at both the 0-50 and 50-
100 mm depths. Single coulter treatment resulted in a significantly greater bulk density than 
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Table 22. Soil moisture content before planting for three planting periods. 
Experiment 2, (1995) 
Planting period Planting date Moisture content (%) * 
At 0-50 mm At 50-100 mm 
1 May 16 27.80' 29,92 * 
May 24 25.48'' 27,31 '' 
May 31 24.50 25,86'' 
Mean 25.93 27,70 
LSD (0.05) 1.55 2,29 
2 June 15 25.04' 27,57' 
June 22 21.58'' 24,86' 
June 30 24.45' 26,31 ' 
Mean 23.69 26,25 
LSD (0.05) 2.86 ns 
3 July 31 15.76'= 21,20'' 
Aug 2 24.15 * 24,50' 
Aug? 19.19'' 22,06'' 
Mean 19.70 22,59 
LSD (0.05) 2,10 2.14 
Means followed by the same letter are not significantly different at 5% level of probability 
Vertical comparison were done among values 
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Table 23. Temperature and precipitation data for first planting period (May 16 - May 31), 
Experiment 2, (1995) 
Planting Event with Mean temperature between 
date date events ("C) 
May 16 first emerge 
May 25 
Air Seed zone 
15.3 15.5 
Total Total days 
precipitation after planting 
after planting (no) 
(mm) 
12.2 9 
last emerge 17,1 18 38.4 18 
June 3 
dry matter 21.9 23.7 118.2 42 
June 27 
May 24 first emerge 16.3 17.4 36.8 9 
June 2 
last emerge 18.9 20.3 54.6 19 
June 12 
dry matter 22 24.6 149.3 42 
July 5 
May 31 first emerge 19.7 19.7 18.5 6 
June 6 
last emerge 17.8 20.4 23.6 12 
June 12 
dry matter 22.3 25,1 118.3 42 
July 12 
Source: US Department of Commerce, National Weather Service (1995), Iowa Department 
of Agriculture, State Climatology Office, Ames, Iowa, 
Table 24. Summary of significance levels for analysis of variance for the effects of planting dates and coulter 
treatments on soil and crop parameters for first planting period (May 16 - May 31) Experiment 2. (1995) 
Significance levels for F - tests 
Effect BD Seed depth Air perm. ERI Emergence Penetration 
resistance 
Plant dry 
matter 
Below 
seed 
In 
sidewall 
PD 0.03 0.29 0.02 < 0.0001 0.71 0.02 0.01 0.0005 
C <0.0001 0.08 <0.0001 0.008 0.3 <0.0001 < 0.0001 <0.0001 
PD » C 0.004 0.05 0.25 0.03 1 0.02 0.2 0.001 
PD=Planting date 
C=Coulter 
BD==Bulk density 
ERJ=Emergence rate index (%/d) 
DAP=Days after planting 
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Table 25. Soil bulk density before planting and after emergence for first planting period 
(May 16 - May 31), Experiment 2, (1995) 
Depth (mm) Bulk density (Mg/m^)' 
Before planting 
0-50 1.05'' 
50- 100 1.23' 
Mean 1.14 
LSD (0.05) 0.06 
At emergence 
Triple coulter Single coulter No-coulter Mean* LSD (0.05) 
0-50 0.94 ' 1.03* 1.01 •' 0.99*' 0.01 
50- 100 1.09° 1.17' 1.13'' 1.13' 0.01 
Mean" 1.02° 1.10* 1.07'' 1.06 0.004 
' Means followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means 
'Vertical comparison were done among the means 
the other couher treatments. Also, the no-coulter treatment had significantly greater soil bulk 
density than triple coulter treatment. The single coulter treatment had the greatest soil bulk 
density (1.03 Mg/m^) at 0-50 mm depth among three coulter treatments, but this was less than 
the preplanting bulk density. 
Air permeability 
Three core samples were taken from the smeared seed furrow sidewalls of each 
coulter treatment from each plot on all the three planting dates of the period. The samples 
were brought to field capacity moisture content (23 %) and analyzed for air permeability by 
the method described by Evans (1965). Statistically analyzed results of air permeability are 
presented in Table 26. Sununary of significance levels for F-tests is shown in Table 24. 
Planting dates and coulter treatments showed highly significant effects on air permeability. 
This indicates that soil moisture content at the time of planting affected the smearing and 
compacting of the seed fiiiTow sidewall. Table 26 shows that mean air permeability (average 
over coulter treatments) was significantly greater on the third planting date (May 31) than on 
the first planting date (May 16), reflecting significant difference in soil moisture content (Table 
22). No significant difference was observed between mean air permeability values on May 16 
and May 24 which did not reflect significant difference in soil moisture. However, air 
permeability on May 24 was 1.2 times more than on May 16. This indicates that increase in 
soil moisture resulted in reduced air permeability. Comparison among coulter treatments 
indicated that the triple coulter had significantly greater air permeability than the other coulter 
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treatments. This high air permeability in the triple couher treatment was consistent with the 
lower soil bulk density (Table 25). The no-coulter treatment resulted in the lowest value of 
air permeability. The triple couher treatment had 4.4 and 2.3 times higher permeability than 
no-coulter and single couher treatments respectively. Low bulk density and high air 
permeability of seed zone indicate reduction in sidewall smearing under triple coulter 
treatment. 
Emergence 
Table 23 presents the weather conditions during the first planting period. 
Table 26. Air permeability after planting for first planting period (May 16 - May 31), 
Experiment 2, (1995) 
Air permeability (xE-11 m^) 
Coulter May 16 May 24 May 31 Mean * 
No-coulter 2.8 3.3 3.7 3.3' 
Single bubble 4.9 6.1 8.3 6.4" 
Triple fluted 11.7 14.1 17.6 14.5' 
Mean '* 6.5" 7.8" 9.9' 8.1 
'"Means followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means (LSD (o.os) =1.9) 
'Vertical comparison were done among the means (LSD (o.os) =1.8) 
Emergence rate index (%/d) and percentage emergence data were analyzed and the results are 
presented in Table 27. Summary of significance levels for F-tests is shown in Table 24. 
Effects of planting date on emergence rate index (%/d) were highly significant. Effects of 
coulter treatments and the interaction of treatments were also significant. As expected, com 
planted on May 16 took more time for first emergence and to complete emergence than was 
required for the other two dates of planting. The third planting date had the shortest time for 
completing emergence (Table 23), resulting in the significantly greatest emergence rate index 
(16.2 %/d).(Table 27). It took 9, 9, and 6 days to seedling emergence for the com planted on 
first, second, and third planting dates respectively. This indicates that seed zone temperature 
affected the emergence rate index (%/d). These results agree with the findings of previous 
researchers ( Al-Darby and Lowery (1987)et al., 1987; Schneider and Gupta, 1985; Wijk et 
al., 1959; Walker, 1969; Jones et al, 1963). Schneider and Gupta (1985) concluded that 
time to com emergence is mainly affected by seed zone temperature. They observed most 
rapid com emergence at the warmest soil temperature (20-30 °C) when there was enough 
water for seed germination. Walker (1969) reported that one degree difference in soil 
temperature, ranging from 12 to 35 °C induced changes in growth of maize seedlings (Zea 
mays L.) as much as 30 to 40 % per degree. Mean daily soil temperature at the root zone was 
greater at third date of planting than those at first and second planting dates, therefore it 
reduced time of completing emergence. Mean emergence rate index (%/d) for crop planted 
on May 24 was not significantly different but was 1.1 times more than that planted on May 16. 
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Table 27. Emergence rate index(%/d) and percent emergence of com for first planting period 
(May 16 - May 31), Experiment 2 ,(1995) 
Coulter May 16 May 24 May 31 Mean* 
Emergence rate index (%/d) (ERI) 
No-coulter 9.4 10.7 16.1 12.0'' 
Single bubble 10.1 10.5 16.2 12.2''' 
Triple fluted 10.0 10.8 16.4 12.4 ' 
Mean" 9.8*' 10.7'' 16.2' 12.2 
Emergence (%) 
No-coulter 93.7 93.5 97.3 94.8' 
Single bubble 95.7 95.4 97.6 96.2' 
Triple fluted 91.8 90.9 95.4 92.7' 
Mean" 93.7' 93.3' 96.7' 94.6 
''"Means followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means (LSD (o.os) = 0.9 and 12.1, for ERI and 
Emergence respectively) 
'Vertical comparison were done among the means (LSD (o.os) =0.2 and 4.7, for ERI and 
Emergence respectively) 
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Table 27 shows that triple coulter (average over planting dates) had significantly 
greater emergence rate index (%/d) than the no-coulter treatment. However, no significant 
diflference in emergence rate index (%/d) was observed between single coulter and triple 
coulter treatments. The results of triple coulter treatment were more encouraging in this 
experiment than those for the experiment 1. This indicates that greater seed depth could be 
the main factor in reducing emergence rate index (%/d) in experiment 1. Triple coulter 
treatment had significantly lower soil bulk density (Table 25) and greater air permeability 
(Table 26) than no-coulter treatment. These two factors were attributed to good aeration and 
favorable warmed seed zone for germinating seeds which resulted in high value of emergence 
rate index (%/d). These resuhs agree with the findings of All-Darby and Lowery (1987), who 
concluded that lower soil temperature associated with no-till is one of the main factors 
affecting emergence and seedling growth and development. 
Table 27 shows that there were no significant differences in percent emergence for the 
three couUer treatments. Although, the no-couher treatment tended to delay emergence 
significantly, the differences in percent emergence for a particular coulter treatment were not 
significant. 
Soil penetration resistance 
Table 28 shows the comparison of penetration resistance values of different coulter 
treatments with undisturbed soil at three planting dates of this period. Summary of 
significance levels for F-tests related to only coulter treatments is presented in Table 24. 
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Table 28. Penetration resistance below seed level (BSL) and in the sidewall (ISW) at com 
emergence for first planting period (May 16 - May 31), Experiment 2, (1995) 
Undisturbed 
Planted 
No-coulter 
Single bubble 
Triple fluted 
Penetration resistance (kPa) 
May 16 
479.2 " 
461.7'' 
584.1 • 
342.8 "= 
May 24 May 31 
-Below seed level (BSL) 
752.0'' 710.1'' 
776.5'' 671,6'' 
982.9' 958.4' 
475.7' 493.2' 
Mean 
647.1' 
636.6' 
841.8^ 
437.2' 
Mean 
LSD (0.05) 
466.9' 
86.4 
746.8' 
110.2 
708.3 * 
153.4 
640.7 
-In the sidewall (ISW)-
Undisturbed 
Planted 
No-coulter 
Single bubble 
Triple fluted 
398.8' 
398.8' 
489.7' 
237.9'' 
710.1 " 
675.1 ' 
790.5 ' 
402.3 •' 
619,1 " 
584.2'' 
773' 
391.8 •= 
575.9" 
552.7'' 
684.4' 
344.0' 
Mean 
LSD (0.05) 
381.3' 
98.6 
644.5' 
134.4 
592.0' 
102.7 
539.3 
"'"Means followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means (LSD (o.os) =147.9 and 104.5, for BSL 
and ISW respectively) 
'Vertical comparison were done among the means (LSD=59.5 and 56.0, for BSL and ISW 
respectively) 
Penetration values, below seed level and in the sidewall, for planting dates, coulter treatments 
and their interactions, all showed significant effects (except interaction in the sidewall). 
However, coulter treatments showed highly significant effects. 
Table 28 indicates that single couher treatment had significantly greater penetration 
resistance values below seed level than those for the other coulter treatments and undisturbed 
soil conditions. This is contrary to soil bulk density results of undisturbed soil (Table 25). 
This indicates that single coulter treatment had localized increase in penetration resistance. 
Triple coulter treatment had significantly lowest bulk density and penetration resistance. 
Penetration resistance values obtained under triple coulter treatment agree with the findings of 
Taylor and Gardner (1962), who concluded that soil penetration resistance decreases with a 
decrease in soil bulk density. No significant difference was observed in penetration resistance 
values between no-coulter treatment and undisturbed soil conditions for the measurements 
made below seed level. Results of mean values (average over coulter treatments) indicate that 
penetration resistance values below seed were significantly lower on May 16 than those on 
May 24 and May 31. Soil moisture content on May 16 (27.8%) was greater than on May 24 
(25.48%) and May 31 (24.5%). Mean penetration resistance below seed on May 24 and May 
31 were not significantly different, reflecting insignificant difference in soil moisture content 
on these two planting dates (Table 22). Results of penetration resistance are in agreement 
with the findings of Taylor and Gardener (1962), who concluded that an increase in soil 
moisture content results in decreased penetration resistance. 
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For the measurements taken in the sidewall, triple coulter had significantly lower 
values of penetration resistance than no-coulter and single coulter treatments. The 
measurements were lower than for preplanting conditions on all the planting dates. This is 
consistent with lowest soil bulk density and greatest air permeability for triple coulter 
treatment. The single coulter had the greatest mean cone index in the sidewall. No significant 
differences in mean penetration resistance values were observed between the no-couher 
treatment and preplanting conditions for the measurements taken in the sidewall. Penetration 
resistance values taken in the sidewall on the three planting dates had the same trend as was 
observed for the measurements taken below the seed level; highest for single coulter and 
lowest for triple coulter (Table 28). 
Plant dry matter 
Mean single plant dry matter weight data were analyzed. The results of plant dry 
matter are presented in Table 29. Summary of significance levels for F-tests is shown in Table 
24. Plant dry matter weight values for planting dates, coulter treatments, and their 
interactions, all showed highly significant effects. 
Table 29 shows that the no-coulter and single couher treatments resulted in 
significantly lower plant dry matter weight than the triple coulter treatment. The triple coulter 
treatment had the lowest soil bulk density (Table 25) and penetration resistance (Table 28) at 
emergence and the greatest air permeability (Table 26) and emergence rate index (%/d) (Table 
27). These may have had positive effects on plant dry matter. The soil moisture was not 
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Table 29. Plant dry matter weight 42 days after planting for first planting period 
(May 16 - May 31), Experiment 2, (1995) 
Plant dry matter weight (gm) 
Coulter May 16 May 24 May 31 Mean * 
No-couher 5.3 12.6 22.7 13.5 '' 
Single bubble 6.4 13.7 22.5 14.2'" 
Triple fluted 6.7 15.1 28.6 16.8* 
Mean " 6.1"= 13.8 24.6* 14.8 
''^'Means followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means (LSD (o.os) =3.9) 
'Vertical comparison were done among the means (LSD (o.os) =0.9) 
Table 30. Mean seed depth for three planting periods, Experiment 2, (1995) 
Coulter Mean seed depth (mm) 
Planting period 1 Planting period 2 Planting period 3 
No-coulter 43.0* 45.0 45.0' 
Single bubble 42.0*' 45.0 45.0' 
Triple fluted 43.0 * 46.0 * 44.6* 
Mean 43.0 45.0 45.0 
LSD (0.05) 0.9 0.7 1.1 
*'^eans followed by the same letter are not significantly different at 5 % probability level 
limiting and there were enough rains in this planting period to have saturated the seed zone, 
resulting in poor aeration in no-coulter and single coulter treatments. The increase in plant 
dry matter under triple coulter treatment may be attributed to good aeration and to early 
warming of the seed zone. 
Plant dry matter for this experiment was greatest for the triple coulter treatment (Table 
29) even though planting depth was nearly the same (Table 30). This indicates that deeper 
seed placement in triple couher treatment in experiment 1 could be the main cause of 
significantly lower plant dry matter than for the no-coulter and single couher treatments. 
Planting date also significantly affected dry matter weight. Temperatures following 
the first date of planting (May 16) were lower than after the two other planting dates (May 
24 and May 31). The low temperatures delayed the germination, lowered emergence rate 
index (%/d), and reduced the plant dry weight. Even though soil moisture content at the third 
planting date was lower than at the second planting date, plant dry matter was significantly 
greater. Com planted on third date of planting had 4 and 2 times more plant dry weight than 
that planted on first and second planting dates respectively. Precipitation after the third 
planting date (Table 23) supplied enough moisture for seed germination. Adequate moisture 
and higher temperature accelerated the germination and growth rates, resulting in higher plant 
dry matter weight. 
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Second planting period (June 15 - June 30) 
Temperature and precipitation data for this period are presented in Table 31. 
Soil bulk density 
Summary of significance levels for F-tests (Table 32) indicated that coulter treatments 
had a significant effect on soil bulk density. Statistical analysis indicated that planting usually 
decreased the soil bulk density at the 0-50 mm depth (Table 33), and that the single coulter 
resulted in significantly greater bulk densities than the triple coulter treatment in the top 50 mm 
soil layer. The lowest bulk density created by the triple coulter treatment in the top soil layer 
was 0.96 Mg/m^. There were no significant differences in bulk density among coulter 
treatments at the 50 to 100 mm depth. Mean value of soil bulk density for both depths was 
significantly greater for single coulter (1.12 Mg/m^) than for the triple coulter treatment (1.07 
Mg/m^). Overall mean value of bulk density (1.09 Mg/m^) was lower than preplanting 
conditions. The reason for the increase in bulk density for single coulter treatment over 
preplanting conditions at 50-100 mm depth is not clear. 
Air permeability 
Summary of significance levels for analysis of variance for the effects of planting dates 
and coulter treatments on air permeability of smeared soil samples is presented in Table 32. 
Air permeability values for coulter treatments showed highly significant effects. Planting dates 
also significantly affected air permeability. Comparisons among coulter treatments(average 
over planting dates) indicated that mean air permeability observed for the triple coulter was 
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Table 31. Temperature and precipitation data for second planting period (June 15 - June 30), 
Experiment 2, (1995) 
Planting 
date 
Event with 
date 
Mean temperature between 
events (°C) 
Total 
precipitation 
after planting 
(mm) 
Total days 
after planting 
(no) 
Air Seed zone 
June 15 first emerge 
June 18 
24.5 26.1 0 3 
last emerge 
June 23 
25.5 29.2 0 8 
dry matter 
July 27 
22.4 25.7 132.3 42 
June 22 first emerge 
June 25 
24.9 27.3 21.6 3 
last emerge 
July 1 
19.3 21.6 50.3 9 
dry matter 
August 3 
23.1 26.9 159.5 42 
June 30 first emerge 
July 3 
17.4 22.3 7.8 3 
last emerge 
July 9 
20.6 23.3 10.9 9 
dry matter 
August 11 
24.4 28.0 97.8 42 
Source; US Department of Commerce, National Weather Service (1995). Iowa Department 
of Agriculture, State Climatology Office, Ames, Iowa. 
Table 32. Summary of significance levels for analysis of variance for the effects of planting dates and coulter 
treatments on soil and crop parameters for second planting period (June 15 - June 30) Experiment 2. (1995) 
Significance levels for F - test 
Effect BD Seed depth Air perm. ERI Emergence Penetration resistance Plant dry matter 
Below 
seed 
In 
sidewall 
28 DAP 42 DAP 
PD 0.09 0.003 0.04 0.44 0.85 0.14 0.07 0.09 0.09 
C 0.03 0.003 < 0.0001 0.33 0.81 < 0.0001 < 0.0001 0.26 0.04 
PD*C 0.12 0.04 0.29 0.08 0.29 0.72 0.98 0.78 0.79 
PD=Planting date 
C=Coulter 
BD=Bulk density 
ERJ=Emergence rate index (%/d) 
DAP=Days after planting 
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Table 33. Soil bulk density before planting and after emergence for second planting 
period (June 15 - June 30), Experiment 2, (1995) 
Depth Bulk density (Mg/m^) * 
(mm) 
Before planting 
0-50 1.04 
50- 100 1.18' 
Mean 1.11 
LSD (0.05) 0.05 
At emergence 
Triple Single No-coulter Mean * LSD (0.05) 
coulter coulter 
0-50 0.96'' 1.01' 0.99"'' 0.99'' 0.03 
50- 100 1.17' 1.23' 1.19' 1.19' 0.06 
Mean" 1.07'' 1.12' 1.09'*' 1.09 0.03 
'''Means followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means 
'Vertical comparison were done among the means 
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significantly greater than no-couher and single coulter treatments (Table 34). Triple coulter 
treatment resulted in 4 and 2 times greater air permeability than no-couher and single coulter 
treatments respectively. This is consistent with the lower soil bulk density of triple coulter 
treatment. Bulk density was not significantly different between no-coulter and single coulter 
treatments (Table 33) but air permeability was. This indicates that seed furrow openers 
smeared more in the no-coulter treatment than single coulter and triple couher, resulting in 
closing macropores in the surface of seed furrow sidewall. 
Table 34 shows no significant difference between air permeability values (average over 
coulter treatments) when planting was done at 25.04% and 24.45% moisture content 
Table 34. Air permeability after planting for second planting period (June 15 - June 30) 
Experiment 2, (1995) 
Air permeability (x E-11 m^) 
Coulter June 15 June 22 June 30 Mean * 
No-coulter 3.3 6.3 3.2 4.3"= 
Single bubble 6.2 13.1 6.6 8.6*' 
Triple fluted 15.9 18.0 15.1 16.3 ' 
Mean ** 8.5'' 12.5 ' 8.3 '' 9,7 
"''Means followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means (LSD (o.os) =3.5) 
'Vertical comparison were done among the means (LSD (o.os) =2.0) 
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reflecting insignificant difference in soil moisture (Table 22). Mean air permeability 
(12.5 E-11 m^) at 21.58% moisture content was significantly greater than at 25.04% and 
reflecting insignificant difference in soil moisture (Table 22). Mean air permeability 
(12.5 E-11 m^) at 21.58% moisture content was significantly greater than at 25.04% and 
24.45% moisture content. This suggests that the seed furrow sidewall did not smear as much 
when the soil moisture content was 21.58%. The results of this planting period showed the 
same trend as was found in the first planting period; the increased soil moisture resulted in 
more sidewall smearing and therefore lower value of air permeability. 
Emergence 
Table 31 lists temperature and precipitation data for the second planting period. The 
analyzed results of emergence rate index (%/d) and percent emergence are presented in Table 
35. Summary of significance levels for F-tests is presented in Table 32. Emergence rate index 
(%/d) and percent emergence values for planting dates, coulter treatments, and their 
interactions all showed insignificant effects. Table 31 shows that soil temperature during this 
planting period was suitable for good com growth. Mean emergence rate index (%/d) did not 
differ significantly among three planting dates in this period (Table 35). Although, there were 
no rains from planting to complete emergence for the crop planted on June 15 , the 
preplanting soil moisture content (25.04%) and favorable temperature during seedling 
emergence were favorable for good crop growth. For the crop planted on June 22, initial soil 
moisture content was significantly lower than on the other two dates of planting (Table 22) 
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Table 35. Emergence rate index (%/d) and percent emergence of com for second planting 
period (June 15 - June 30), Experiment 2, (1995) 
Coulter June 15 June 22 June 30 Mean* 
Emergence rate index (%/d) (ERJ) 
No-coulter 23.3 23.5 23.1 23.3 " 
Single bubble 23.4 23.9 24.8 24.0' 
Triple fluted 24.0 21.7 24.8 23.5' 
Mean" 23.6' 23.0' 24.2' 23.6 
Emergence (%) 
No-coulter 97.2 99 85.6 93.9' 
Single bubble 94.2 88.3 92.1 91.6' 
Triple fluted 94.6 88.9 95.6 93 1 ' 
Mean" 95.3' 92.1' 91.1' 92.9 
' Means followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means (LSD=2.3 and 21.3, for ERI and emerg, 
respectively) 
'Vertical comparison were done among the means (LSD=1.1 and 8.2, for ERJ and emerg. 
respectively) 
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but rains after planting to complete emergence appear to have soaked the seed zone enough 
for good seedling emergence. The above stated could be the reasons why emergence rate 
index (%/d) and percentage emergence did not differ significantly for the three planting dates 
of this period. 
Comparisons among coulter treatments indicated that mean emergence rate index 
(%/d) (average over planting dates) did not differ significantly (Table 35). However, lower air 
permeability due to more furrow wall smearing in no-coulter treatment resulted consistently in 
lower values of emergence rate index (%/d) on all dates of planting than for the single coulter 
treatment. Emergence rate index (%/d), and seeding depth, were the same for the triple 
coulter as for the other coulter treatments. 
Table 35 shows that there were no significant differences in percent emergence values 
among planting dates. Moreover, comparison among coulter treatments did not show any 
significant differences in percent emergence. This indicates that seed zone temperature and 
soil moisture were favorable for seedling emergence during this planting period. 
Soil penetration resistance 
Penetration resistance values for the three coulter treatments and undisturbed soil at 
three planting dates are presented in Table 36. Summary of significance levels for F-tests 
related to only coulter treatments is presented in Table 32. Penetration resistance 
measurements below seed and in the sidewall for coulter treatments showed highly significant 
effects. 
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Table 36. Penetration resistance below seed level (BSL) and in the sidewall (ISW) at com 
emergence for second planting period (June 15 - June 30), Experiment 2, (1995) 
Penetration resistance (kPa) 
Undisturbed 
Planted 
No-coulter 
Single 
bubble 
Triple fluted 
June 15 June 22 June 30 
-Below seed level (BSL)-
b • 951.4 
926.9 
1164.8* 
717.1 ' 
993.4' 
853.5' 
1031.9* 
489.7'' 
1234.8 
1098.7'' 
1342.1 * 
713.2' 
Mean 
1059.9' 
959.7 " 
1179.6* 
640.0' 
Mean 
LSD (0.05) 
Undisturbed 
Planted 
No-coulter 
Single 
bubble 
Triple fluted 
940. r 
103.9 
860.5 * 
818.5* 
912.9* 
626.1 
842,1 * 
313.8 
-In the side wall (ISW)-
787* 
605.1 ab 
755.5* 
461.7' 
1097.2* 
217.9 
959.8 
1077.4 
782.1 
910.8 
be 
ab 
624.7' 
908.3 * 
735.2*' 
859.8* 
570.9' 
Mean 
LSD (0.05) 
804.5 
99.1 
652.4 * 
223.2 
848.8 
240.6 
768.5 
"""Means followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means (LSD=323.3 and 202.5, BSL and ISW 
respectively); 'Vertical comparison were done among the means (LSD=113.3 and 98.1, 
BSL and ISW respectively) 
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Table 36 shows that single coulter treatment had significantly greater mean cone index 
values than those for no-coulter and triple coulter treatments and preplanting conditions for 
the measurements below seed level. Differences in cone index values below seed level were 
found insignificant between no-coulter treatment and preplanting condition on all the planting 
dates. Triple coulter resulted in lowest cone index values and was consistent with the lowest 
soil bulk density. On all the planting dates, triple coulter had the lowest and single coulter the 
greatest values of cone index both below seed and in the sidewall. Similar results were found 
in the first planting period. This indicates that triple coulter consistently loosened soil more 
than the other coulter treatments. Triple coulter treatment resulted in the greatest air 
permeability, the lowest soil bulk density, and the lowest cone index. 
Plant dry matter 
Plant dry matter weight depends on soil and atmospheric conditions during the 
gr'^wing period. Generally, faster germination and emergence are considered to enhance the 
plant dry matter accumulation during the same growing period. Table 37 indicates that plant 
dry matter 28 days after planting was not significantly different on three planting dates 
reflecting insignificant difference in emergence rate index (%/d) and percent emergence (Table 
35). However, the difference appeared for the plants harvested 42 days after planting. Crop 
planted on first planting date (June 15) had significantly greater plant dry matter than that 
planted on second date of planting (June 22). Soil moisture content before planting was 
significantly lower on second planting date than that on first planting date but still was close to 
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Table 37. Plant dry matter weight 28 and 42 days after planting (DAP) for second planting 
period (June 15 - June 30), Experiment 2, (1995) 
Factor Level N 28 DAP 42 DAP 
Planting date 
June 15 
June 22 
June 30 
9 
9 
9 
1.1 • 
1 .5 '  
9.1 
37.4^ 
28.9 
33.3 ab 
Mean 
LSD (0.05) 
8.1 
1.6 
33.2 
7.8 
Coulter 
No-coulter 
Single bubble 
Triple fluted 
9 
9 
9 
7.7' 
8.4' 
8 . 2 '  
31.2' 
34.1 
34.5 
Mean 
LSD (0.05) 
8.1 
0.9 
33.3 
2.6 
'Vieans followed by the same letter are not significantly different at 5 % probability level 
I l l  
field capacity of soil (Table 1 and Table 22). The total precipitation during the growing 
period for the crop planted on June 22 was greater than for that planted on June 15. 
Excessive rains during the later part of growing period for the crop planted on June 22 might 
have resuhed in poor air and nutrient availability to growing plants. These might be the 
causes of low plant dry matter production for the crop planted on June 22. 
Table 37 also shows plant dry matter comparisons on coulter treatment basis. There 
were no significant differences among the three coulter treatments for the crop harvested 28 
days after planting, reflecting insignificant differences among emergence rate index (%/d) 
values (Table 35). However, 42 days after planting, plant dry matter significantly differed 
among three coulter treatments. Triple coulter treatment had significantly greater plant dry 
matter than no-coulter treatment. Triple coulter treatment had significantly lower soil bulk 
density and greater air permeability than no-coulter treatment. These two factors may have 
led to better water drainage and evaporation after the excessive rains during the later parts of 
the growing period and boosted the plant dry matter in triple couher treatment. On the other 
hand no-coulter treatment might have decreased oxygen and nutrient supply to growing plants 
and therefore, decreased the plant dry matter 42 days after planting. 
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Third Planting Period (July 31 - August 7") 
Temperature and precipitation data for this period are presented in Table 38. 
Soil bulk density 
Statistically analyzed results of soil bulk density are shown in Table 40. Summary of 
significance levels for analysis of variance for the effects of planting dates and coulter 
treatments on soil bulk density for this period of planting are presented in Table 39. Soil 
samples (50 mm dia x 100 mm) collected before planting and at the time of germination 
showed approximately the same trend as was found in the two earlier planting periods. Bulk 
density for the triple couher treatment was not significantly different than for the other 
coulters treatments (Table 40). However, it was slightly lower than single coulter treatment at 
both the depths. This strengthens the conclusion that the triple coulter generally loosens the 
soil and results in lower bulk density in the seed zone. Moreover, all the coulter treatments 
resulted in lower bulk density than preplanting conditions. This is in agreement with the 
resuhs found in first and second planting periods. 
Air permeability 
Table 41 presents the resuhs of air permeability measurements on three planting dates 
for three coulter treatments. Summary of significance levels for F-tests is presented in Table 
39. Coulter treatments showed significant effects on air permeability. The triple coulter 
resulted in greater air permeability than the other coulter treatments on all three planting 
dates. Mean air permeability (average over planting dates) was significantly greater for triple 
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Table 38. Temperature and precipitation data for third planting period (July 31 - August 7), 
Experiment 2, (1995) 
Planting Event with Mean temperature between Total Total days 
date date events (°C) precipitation after planting 
after planting (no) 
(mm) 
Air Seed zone 
July 31 first emerge 22.2 26.1 6 3 
Aug. 3 
last emerge 24.2 27.2 9 7 
Aug. 7 
dry matter 22.7 26.8 117 42 
Sept 12 
August 2 first emerge 23.3 25.9 3 3 
Aug. 5 
last emerge 25.6 28 29 8 
Aug. 10 
dry matter 22.3 26,3 90 42 
Sept 14 
August 7 first emerge 26 28.8 26 3 
Aug. 10 
last emerge 25 28.1 57 8 
Aug. 15 
dry matter 21.3 25.3 105.4 42 
Sept 15 
Source: US Department of Commerce, National Weather Service (1995). Iowa Department 
of Agriculture, State Climatology Office, Ames, Iowa, 
Table 39. Summary of significance levels for analysis of variance for the effects of planting dates and coulter 
treatments on soil and crop parameters for second planting period (July 31 - Aug 11) Experiment 2. (1995) 
Significance levels for F - test 
Effect BD Seed depth Air perm. ERI Emergence Penetration resistance Plant dry matter 
Below 
seed 
In 
sidewall 
28 DAP 42 DAP 
PD 0.03 0.001 0.05 0.23 0.56 0.92 0.55 0.1 0.4 
C 0.95 0.67 <0.0001 0.28 0.96 <0.0001 <0.0001 0.13 0.02 
PD *C 0.21 0.75 0.21 0.02 0.7 0.23 0.26 0.27 0.44 
PD=Planting date 
C=Coulter 
BD=Bulk density 
ERI=Emergence rate index (%/d) 
DAP^Days after planting 
115 
Table 40. Soil bulk density before planting and after emergence for third planting period, 
(July 31 - August 7) Experiment 2, (1995) 
Depth (mm) Bulk density (Mg/m^) * 
Before planting 
0-50 1.05*' 
50- 100 1.21 
Mean 1.13 
LSD (0.05) 0.04 
At emergence 
Triple Single No-coulter Mean * LSD (0.05) 
coulter coulter 
0 - 50 0.98 ' 0.99 * 0.99" 0.99 '' 0.04 
50- 100 1.18' 1.19" 1.15' 1.17' 0.07 
Mean" 1.08' 1.09' 1.07' 1.08 0.05 
'"^eans followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means 
'Vertical comparison were done among the means 
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coulter treatment than for the other coulter treatments. Triple couker treatment had 3 .3 and 2 
times greater air permeability than no-coulter and single coulter treatments respectively. This 
strengthens the resuks of earlier planting periods that the triple coulter treatment resuks in 
loose soil and prevents a smeared layer in the seed furrow sidewall. Measured air 
permeabilkies correlated to some extent with soil moisture content. Mean air permeability 
(average over couker treatments) was significantly greater at 15.76 percent than at 24.15 
percent soil moisture, reflecting the significant diflFerence in soil moisture. No significant 
difference in air permeability was observed between 24.15 percent and 19.19 percent soil 
moisture content and did not reflect the significant difference in soil moisture content. 
Table 41. Air permeability after planting for third planting period (July 31 - August 7), 
Experiment 2, (1995) 
Air permeability (xE-11 m^) 
Coulter July 31 Aug. 2 Aug. 7 Mean * 
No-coulter 10.4 3.6 6.4 6.8' 
Single bubble 14.5 6.7 11.7 10.9'' 
Triple fluted 31.3 15.9 18.9 22.1' 
Mean " 18.7* 8.8 •' 12.3 13.3 
'Vieans followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means (LSD (o.os) =7.9) 
'Vertical comparison were done among the means (LSD (o.os) =3.9) 
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However, greater air permeability though not significant was observed at 19.19 percent soil 
moisture content than that at 24.15 percent soil moisture content. 
Emergence 
Table 38 indicates that daily mean seed zone temperature during this planting period 
was in the favorable range for com emergence. The preplanting soil moisture content for first 
planting date was less than field capacity of soil (Table 1 and 22). Because temperature 
mainly controls the seedling emergence, therefore, mean emergence rate index (%/d) and 
percent emergence were not found significantly different for all the three planting dates (Table 
42). However, crop planted both on August 2 and 7 had 1.2 times greater emergence than 
com planted on July 31. This low value of percent emergence for first planting date was 
attributed to preplanting soil moisture content lower than lower plastic limit of soil. 
Table 42 indicates that emergence rate index (%/d) and percent emergence were not 
significantly greater in triple couher treatment than those for the other two couher treatments. 
Total rain from planting to complete emergence of seedlings during the three planting dates 
may not have soaked the seed zone to an extent which would impede air and nutrient supply 
to the germinating seeds during this hot period of the year. Therefore, high value of air 
permeability in triple coulter treatment did not result in greater emergence rate index (%/d) 
and percent emergence than the other two coulter treatments. 
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Table 42. Emergence rate index (ERI) and percent emergence of com for third planting 
period (July 31 - August 7), Experiment 2, (1995) 
Factor Level N ERI (%/d) Emergence (%) 
Planting date 
July 31 
Aug 2 
Aug 7 
9 
9 
9 
23.8' 
25.1 * 
24.2' 
11.1 • 
95.1 ^ 
92.2 
Mean 
LSD (0.05) 
24.4 
1,7 
88.3 
44.5 
Coulter 
No-coulter 
Single bubble 
Triple fluted 
9 
9 
9 
24.0' 
24.5' 
24.6' 
88.5" 
87.9' 
88 .6 '  
Mean 
LSD (0.05) 
24.4 
0.8 
88.3 
5.9 
' Means followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means 
Vertical comparison were done among the means 
119 
Soil penetration resistance 
Penetration resistance measurements at the time of germination were taken as in earlier 
planting periods. The analyzed results of cone index are presented in Table 43. Summary of 
significance levels for F-tests related to only coulter treatments is shown in Table 39. 
Penetration resistance values, below seed and in the sidewall, for coulter treatments showed 
highly significant effects. Planting dates and their interaction with coulter treatments showed 
insignificant effects on penetration resistance. 
Table 43 shows that single coulter treatment had significantly greater mean cone index 
values than those for triple coulter treatments for the measurements made below seed and in 
the sidewall. Triple coulter consistently resulted in lower values of cone index for the 
measurements taken at both the locations for all the dates of planting. No significant 
differences were observed between cone index values for single couher and undisturbed soil 
conditions on any of the planting dates. The no-coulter treatment had significantly greater 
cone index values than the triple coulter treatment but significantly lower than preplanting 
conditions. 
Cone index values measured below the seed and in the sidewall at the time of 
emergence were not significantly different for any planting date and did not reflect the 
significant difference in preplanting soil moisture contents. While the moisture contents were 
significantly different, they did not measurably affect the penetration resistance. 
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Table 43. Penetration resistance below seed level (BSL) and in the sidewall (ISW) at com 
emergence for third planting period (July 31 - August 7), Experiment 2, (1995) 
Penetration resistance (kPa) 
July 31 Aug 2 Aug 7 Mean * 
Below seed level(BSL)-
Undisturbed 1056.5' 1135.0' 1013.7' 1068.4' 
Planted 
No-coulter 963.7' 981.6'' 1006.5' 983 .9 '' 
Single bubble 1070.8' 1145.7' 1110.7' 1109.0' 
Triple fluted 728.1 '' 688.9" 599.6*' 671.2' 
Mean *' 954.8' 987.8' 932.5' 958.3 
LSD (0.05) 135.9 105.3 129.0 
-In the side wall (ISW)~ 
Undisturbed 953.0' 1081.5' 931.6' 988.7' 
Planted 
No-coulter 835.2'' 906.6' 860.2' 867.3'' 
Single bubble 953.0' 953.0' 924.4' 943.5 
Triple fluted 667.5 •= 546.1 '' 478.3'' 563.9' 
Mean ** 852.2' 871.8' 798.6' 840.9 
LSD (0.05) 115.9 220.7 127.1 
abc' Means followed by the same letter are not significantly different at 5 % probability level 
'Horizontal comparison were done among the means (LSD=240.6 and 189.6, BSL and ISW 
respectively) 
Vertical comparison were done among the means (LSD=61.5 and 80.1, BSL and ISW 
respectively) 
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Plant dry matter 
Statistically analyzed results are presented in Table 44. Summary of significance levels 
for F-tests is presented in Table 39. Plant dry matter values for coulter treatments showed 
significant effects for the plants harvested on 28 and 42 days after planting. However, 
planting dates and the interactions with coulter treatments showed insignificant effects. On 28 
days after planting, plant dry matter for the crop planted on July 31 was 1.24 times greater 
than the crop planted on Aug. 2. At 42 days after planting, this difference was reduced to 
1.17 times. Neither of these differences was significant. There was not much difference in 
daily mean seedzone temperature from complete emergence to harvesting for dry matter 
determinations (Table 38). However, 27 mm more precipitation was observed for the crop 
planted on July 31 than that planted on Aug. 2. This excessive precipitation could have 
saturated the seed zone resuhing in reduced nutrients supply to growing plants for the crop 
planted on July 31. This could be the reason for decreased difference in plant dry matter 
weights between the crops planted on two different dates. Similarly, crop planted on July 31 
had 1.37 times more dry matter weight than that planted on Aug. 7 when harvested on 28 
days after planting. On 42 days after planting the factor of difference lowered to 1.22 only. 
These reductions could be due to increased suffocation in seed zone for the first planted crop. 
Table 44 also shows the comparisons among plant dry matter weights of plants for 
coulter treatments. Triple couher treatment had significantly greater plant dry matter weights 
than single couher treatment both on 28 and 42 days after planting. As explained above, 
excessive rains might have saturated the seed zone. Triple coulter treatment had significantly 
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Table 44. Plant dry matter weight 28 and 42 days after planting (DAP) for third planting 
period (July 31 - August 7), Experiment 2, (1995) 
Factor Level N 28 DAP 42 DAP 
Planting date 
July 31 9 10.7' 28.5' 
Aug 2 9 8.6' 24.4' 
Aug 7 9 7.8' 23.4' 
Mean 9.0 25.4 
LSD 
(0.05) 
2.9 9.8 
Coulter 
No-coulter 9 9.0'*' 25.1 '' 
Single bubble 9 
00 
25.2'' 
Triple fluted 9 9.7' 26.0' 
Mean 9.0 25.4 
LSD 1.19 0.7 
(0.05) 
"Cleans followed by the same letter are not significantly different at 5 % probability level 
"Horizontal comparison were done among the means 
Vertical comparison were done among the means 
123 
greater air permeability (Table 41) and lower cone index values (Table 43) than for no-coulter 
and single coulter treatments. These could have allowed easy movement of air in seed zone 
and made more favorable seed zone environment in triple coulter treatment, resulting in 
greater plant dry matter weight than the other two coulter treatments. 
Growth chamber studies 
Data collected from the experimental work are presented in Appendix C. The analysis 
of variance tables obtained using PROC GLM (General Linear Model) procedures of the SAS 
Institute (1990) are presented in Appendix.C. 
Soil bulk density and moisture 
Data collected for gravimetric moisture content and bulk density of soil were analysed 
and results are presented in Table 45 through 50. 
Growth chamber 1 data are for the 1994 experiment in the field (experiment 1). In 
growth chamber 1, soil samples collected before planting and 28 days after indicated that the 
planting , in general, decreased the soil bulk density at both the 0-50 and 50-100 mm depth 
(Table 45). The triple coulter treatment resulted in significantly lower bulk density values 
than did the no-coulter and the single coulter treatments. No-coulter and single couher 
treatments did not show any significant difference in bulk density between each other at 0-50 
mm depth. However, single couher treatment had soil bulk densities of 1.07 and 1.28 Mg/m^ 
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Table 45. Soil bulk density before planting and 28 days after planting com for 
growth chamber 1, (1994). 
Depth (mm) Bulk density (Mg/m^) 
Before planting 
0-50 1.09''' 
50- 100 1.28* 
Mean 1.19 
LSD (0.05) 0.02 
28 Days after planting (DAP) 
Triple Single No-coulter Mean * LSD (0.05) 
coulter coulter 
0-50 0.98'" 1.07* 1.06' 1.03'' 0.02 
50- 100 1.22' 1.28' 1.25"'' 1.25' 0.03 
Mean I.IO'' 1.17' 1.15' 1.14 0.02 
'''Means followed by the same letter are not significanly different at 5 % probablity level 
' Means in the same row followed by the same letter are not significanly different at 5 % 
probablity level 
' Vertical comparison were made among means 
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at 0-50 and 50-100 mm depth respectively. These were greater than the bulk densities for the 
other coulter treatments. It indicates that single coulter treatment loosened the soil less than 
no-coulter and triple coulter treatments. 
Soil moisture results are given in Table 46. There were significant differences in 
moisture contents at 0-50 and 50-100 mm depth both before planting and 28 days after 
planting. However, no significant differences in moisture content were observed among the 
three coulter treatments within each depth. The soil blocks were not watered in the growth 
chamber; therefore, continuous evapotranspiration resuhed in a low moisture content of soil 
within a period of 28 days. 
Mean moisture content and mean bulk density values at 0-50 mm depth, both before 
planting and 28 days after planting, are presented in Table 47. The blocks initially at higher 
moisture content lost more moisture than the blocks initially at lower moisture content. This is 
probably because moisture loosely held in macropores evaporated very rapidly from the soil 
blocks initially at greater moisture content. Maximum and minimum moisture losses were 
14.7 and 2.83 points from the soil blocks initially at greater and lower moisture content 
respectively. Erbach (1986) reported that the soil at a greater moisture content is more prone 
to compaction than the soil at a lower moisture content. This trend was not consistently 
observed in this study. However, a greater soil bulk density was observed after planting at 
28.56% than at 22.76% initial soil moisture (Table 47). 
Growth chamber 2 data are for the 1995 experiment in the field (field experiment 2). 
For growth chamber 2, results of soil bulk density and soil moisture content before planting 
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Table 46. Soil moisture content before planting and 28 days after planting com for 
growth chamber 1, (1994). 
Depth (mm) Moisture content (%) 
Before planting 
26.60*'* 
30.62* 
28.61 
0.87 
28 Days after planting (DAP) 
Triple Single No-coulter Mean * LSD (0.05) 
coulter coulter 
0-50 17.60*' 18.23 * 17.64* 17.82'" ns 
50- 100 21.62* 21.43* 21.50* 21.52* ns 
Mean 19.61 * 19.83 * 19.60* 19.67 ns 
*''Means followed by the same letter are not significanly different at 5 % probablity level 
' Means in the same row followed by the same letter are not significanly different at 5 % 
probablity level 
* Vertical comparison were made among means 
0-50 
50-100 
Mean 
LSD (0.05) 
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Table 47. Mean soil moisture and bulk density at 0 - 50 mm depth for growth 
chamber 1 (1994) 
Before planting 28 DAP 
Planting date Moisture 
content" (%) 
Bulk density" 
(Mg/m') 
Moisture 
content" (% 
Bulk density" 
) (Mg/m') 
July 15 28.99 * » 1.01'' 14.25'' 0.92'' 
June 8 28.72 • 1.10*'' 17.23 1.05' 
May 5 28.64' 1.12' 18.47''' 1.05' 
Aug 11 28.56" 1.11 19.12' 1.05' 
April 29 28.54' 1.14' 15.78 1.12' 
June 6 26.18''' 1.09''' 19.83 ' 0.96''' 
July 7 24.24 1.09'" 19.18' 0.99''' 
May 12 22.79 1.11 "' 16.59''' 1.06' 
July 22 22.76 '• 1.03 19.93 ' 1.00''' 
Mean 26.60 1.09 17.82 1.02 
LSD (0.05) 3.76 0.10 4.46 0.07 
" Each value is the mean of 9 observations 
* Means in the same column followed by the same letter are not significanly 
different at 5 % probability level 
DAP=Days after planting 
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and 28 days after planting are presented in Table 48,49, and 50. Planting operation 
consistently produced lower values of soil bulk density at 0-50 and 50-100 mm depth than 
were measured before planting. Single couUer treatment created significantly greater bulk 
density than no-coulter and triple coulter treatments in this second growth chamber study as 
well. Soil compaction squeezes the macropores into intermediate pores. This phenomenon of 
compaction helps in holding the water more tightly in intermediate pores of soil matrix and 
reduces evaporation (Hillel, 1982). The phenomenon of more water in compacted soil is 
reflected in Table 49. Single coulter treatment produced greater bulk density and significantly 
greater values of moisture content than triple coulter treatment at 0-50 mm depth. However, 
the reason for no significant difference in moisture content at 50-100 mm depth is not known. 
Soil blocks initially at 27.8 and 15.76 percent moisture content lost about 20 and 7 
points of moisture respectively. More moisture was lost from the soil blocks in this second 
study than in the 1994 study. The soil used for this second growth chamber study was coarser 
(loam) than that used for the 1994 study (clay loam), therefore, the soil matrix had more 
macropores which held water more loosely and resulted in more moisture loss. Moreover, 
fluorescent and incandescent lighting in this growth chamber was rated at 251 w/m^, which 
was five times greater than that in the first growth chamber. These are likely reasons for the 
increased soil moisture loss in this second growth chamber study. 
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Table 48. Soil bulk density before planting and 28 days after planting com for growth 
chamber 2 (1995). 
Depth (mm) Bulk density (Mg/m^) 
Before planting 
0-50 1.05''* 
50- 100 1.20' 
Mean 1.13 
LSD (0.05) 0.02 
28 Days after planting (DAP) 
Triple 
coulter 
Single 
coulter 
No-coulter Mean * LSD (0.05) 
0- 50 0.96*" 1.00' 1.00' 0.99'' 0.02 
KJy
 
0
 
1 100 1.14'' 1.19' i.ie'' 1.16' 0.03 
Mean 1.05° 1.10' LOS*" 1.08 0.02 
Means followed by the same letter are not significanly different at 5 % probablity level 
' Means in the same row followed by the same letter are not significanly different at 5 % 
probablity level 
' Vertical comparison were made among means 
130 
Table 49. Soil moisture content before planting and 28 days after planting com for growth 
chamber 2 (1995). 
Depth (mm) Moisture content (%) 
Before planting 
23.17*'* 
25.63" 
0-50 
50-100 
Mean 24.40 
LSD (0.05) 
28 Days after planting (DAP) 
Triple Single No-coulter Mean * LSD (0.05) 
coulter coulter 
0-50 8.39*" 9.00' 8.73*'' 8.71'' 0.56 
50- 100 13.97' 14.35' 13.98' 14.10' ns 
Mean 11.18' 11.68' 11.36* 11.41 ns 
'''Means followed by the same letter are not significanly different at 5 % probablity level 
' Means in the same row followed by the same letter are not significanly different at 5 % 
probablity level 
* Vertical comparison were made among means 
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Table 50. Mean soil moisture and bulk density at 0 - 50 mm depth for growth chamber 2 
(1995). 
Before planting 28 DAP 
Planting 
date 
Moisture 
content" 
(%) 
Bulk density 
(Mg/m')" 
Moisture 
content" 
(%) 
Bulk density" 
(Mg/m^) 
May 16 27.80*' 1.04' 73gbc 1.00 
May 24 25.48*' 1.07' 7.08'= 1.00 
June 15 25.04'' 1.04' 9.13 1.00 
May 31 24.50'' 1.05' 9.02 0 99'« 
June 30 24.45 *' 1.06' 10.76' 0.95' 
Aug 2 24.15'' 1.04' 8.02 0 97'x: 
June 22 21.58 = 1.03 ' 8.79'*" 1.01 
Aug? 19.19'' 1.05' 9.25 0.96'"= 
July 31 15.76' 1.06' 8.97 1.05 ' 
Mean 23.17 1.05 8.71 0.99 
LSD 
(0.05) 
1.86 ns 2.14 0.05 
" Each value is the mean of 9 observations 
* Means in the same column followed by the same letter are not significanly different at 5 % 
probablity level 
DAP=Days after planting 
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Air permeability 
The data from soil cores (40 mm dia x 20 mm) were taken very carefully from the 
smeared sidewalls after planting. The data are presented in Appendix C and mean values are 
summarized in Tables 52 and 53. A summary of significance levels for F-tests is given in 
Table 51. 
In growth chamber 1, air permeability values were significantly affected by soil 
moisture at planting, coulter treatments and, their interactions (Table 51). Different coulter 
treatments significantly affected the air permeability values (Table 52). Triple coulter 
treatment had the greatest air permeability (13.7 E-11 m^) among the three coulter treatments; 
no significant difference was observed between no-coulter and single couher treatment. 
However, numerical values of air permeability at all moisture content levels (except at 
28.64 %) were greater for single coulter than for the no-coulter treatment. 
Table 51. Summary of significance levels for analysis of variance for the effects of 
initial soil moisture and couher treatments on air permeability for growth 
chamber 1 (GCl) and growth chamber 2 (GC2) 
Significance levels for F - test 
Effect Growth Chamber 1 Growth Chamber 2 
MC, soil moisture 0.009 0.001 
C, coulter <0.0001 <0.0001 
C*MC 0.01 0.04 
Table 52. Mean comparison of air permeability for initial soil moisture content with coulter treatments for growth chamber 1 
(1994) 
Air permeability (x E-11 m^) 
Initial soil moisture (%) 
Coulter 28.9 28.72 28.64 28.56 28.54 26.18 24.24 22.79 22.76 Mean * 
NC 4.2 1.7 9.3 4.1 5.1 1.8 7.5 13.1 4.2 c
r 
SC 5.9 2.8 7.2 5.9 7.3 5.2 12.8 14.2 5.7 7.4'' 
TC 22.2 4.7 2.1 16,1 14.8 7.8 33.4 9.7 12.6 13.7' 
Mean ** 10.8*^ 6.2 00
 o. g jbcd 4.9='' 17.9' 12.3*'' 7 5 bed 8.9 
Means in the same row followed by the same letter are not significantly different at 5% probability level 
* Vertical comparison were done among the means (LSD(o.o5) = 3.4) 
** Horizontal comparison were done among the means (LSD (o.os) = 6.6) 
NC= No-coulter 
SC = Single offset bubble coulter 
TC= Triple offset fluted coulter 
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Triple coulter treatment resulted in about 2.4 to 1.9 times greater permeability than 
permeability values for single no-coulter and single coulter treatments respectively. Because 
the triple couher had the lowest soil bulk density among the three coulter treatments, it left the 
seed furrow loose and less smeared, resulting in less resistance to air flow. Figure 15 shows 
the relationship between air permeability and soil moisture with three coulter treatments at 
planting time. The effect of soil moisture was not consistent, however, air permeability at all 
moisture levels (except at 22.79 and 28.64 %) was greatest for triple coulter treatment. The 
same reason can be advanced here as for the field experiment 1. For samples taken from the 
field, obtaining consistent measurements was difficult during the initial part of the study, partly 
because microcracks in the smeared surface of samples could not be sealed properly, resulting 
in high air flow rates for some samples. 
In growth chamber 2, air permeability was significantly affected by initial soil moisture, 
coulter treatments and their interactions (Table 51). The order of coulter treatment effect on 
air permeability was the same as for growth chamber 1 (Table 53). Single coulter treatment 
resuhed in significantly greater air permeability than that in no-coulter treatment. Increased 
soil moisture at planting time decreased air permeability. When averaged over coulter 
treatments, the greatest air permeability (18.7E-11 m^) was observed at 15.76 percent 
moisture content and the lowest air permeability (6.5E-11 m^) at 27.8 percent moisture 
content. Increase in soil moisture from 15.76 to 27.8 percent decreased permeability by 
one-third. Effect of moisture content on air permeability is plotted in Figure 16. Air 
permeability decreased exponentially with an increase in moisture content with all the coulter 
@C-0 
• C-3 
22.76 22.79 24.24 26.18 28.54 28.56 
INITIAL SOIL MOISTURE (%) 
28.64 28.72 28.9 
Figure 15. Air permeability normal to sidewall with no-coulter, single offset bubble coulter, 
triple offset fluted coulter (growth chamber 1) 
Table 53. Mean comparison of air permeability for initial soil moisture content with coulter treatments for growth chamber 2 
(1995) 
Air permeability (x E-11 m^) 
Initial soil moisture (%) 
Coulter 27.80 25.48 25.04 24.50 24.45 24.15 21.58 19.19 15.76 Mean * 
NC 2.8 3.3 3.3 3.3 3.6 3.2 6.3 6.4 10.4 4.7 = 
SC 4.9 6.1 6.2 6.1 6.7 6.6 13.1 11.7 14.5 8.5*' 
TC 11.8 14.1 15.9 14.1 16 15.1 18 19 31.3 17.2' 
Mean ** 6.5" 7 8cd 8.5 7 8=d 8.8 8.3'^'' 12.5*' 12.4'^ 18.7' 10.1 
Means in the same row followed by the same letter are not significantly different at 5% probability level 
'Vertical comparison were done among the means (LSD(o.o5)= 1-4) 
"Horizontal comparison were done among the means (LSD(o.o5)= 4.6) 
NC= No-coulter 
SC = Single offset bubble coulter 
TC= Triple offset fluted coulter 
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Figure 16. Air permeability normal to sidewall with no-coulter, single offset bubble coulter, 
and triple offset fluted coulter (growth chamber 2) 
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treatments. This indicates the severity of sidewall smearing with the greater preplanting soil 
moisture condition. Differences in air permeability among the three coulter treatments were 
greater at lower soil moisture than at high soil moisture. This also indicates the severity of 
sidewall smearing at soil moisture above the field capacity (24 % on dry weight basis). 
Soil moisture values in growth chamber 2 were a good indicator of air permeability, 
accounting for, on the average, 91 % of the variation in air permeability values (Figure 16). 
The high values of under all coulter treatments indicate that the exponential models were 
appropriate to explain the relationship between these parameters and were fitting well to their 
respective data sets. Comparisons between couher treatments based on showed that the 
no-coulter treatment resulted in greater Revalue for air permeability vs soil moisture than did 
the single coulter and triple coulter treatments. 
As explained earlier, the single coulter treatment produced higher bulk density than did 
the no-coulter treatment, therefore, one might expect air movement to be restricted by 
shrinkage of macropores into intermediate pores. However, the reverse was found; the single 
coulter treatment had greater air permeability than no-coulter treatment. This suggests that 
the no-couher treatment closes many of the surface pores in the seed-fiarrow sidewall by 
polishing action and therefore, reduces air flow. 
Emergence 
Daily record of plant emergence from each block was maintained and emergence rate 
index values were determined by the method described by Erbach (1982). These data are 
139 
listed in Appendix C. Summary of significance levels for F-tests is given in Table 54. Mean 
emergence rate index and percent emergence values are presented in Tables 55 and 56. 
Graphical representations of the treatment effects are shown in Figures 17 and 18. 
In growth chamber 1, emergence rate index values for soil moisture content and 
coulter treatments showed highly significant effects on emergence rate index, but the 
interaction of treatments was found insignificant (Table 54). Mean emergence rate index was 
significantly greater for single coulter treatment and relative to triple coulter and no-coulter 
treatments (Table 55). This possibly occurred because of lower soil bulk density in the triple 
coulter treatment (Table 45). The looser soil might have resulted in more moisture loss by 
evaporation from the seed zone, which caused the delay in germination. 
Table 54. Summary of significance levels for analysis of variance for the effects of initial 
soil moisture and couher treatments on emergence rate index (ERI) and percent 
emergence for growth chamber 1 (GCl) and growth chabmer 2 (GC2) 
Significance levels of F - test 
GCl GC2 
Effect ERI Emergence 
(%) 
ERI Emergence (%) 
MC, soil 
moisture 
< 0.0001 0.41 <0.0001 0,006 
C, coulter < 0.0001 0.14 0.36 0.58 
C*MC 0.85 0.11 0.09 0.003 
Table 55. Mean comparison of emergence rate index (ERI) for initial soil moisture content with coulter treatments for growth 
chamber 1 (1994) 
Emergence rate index (%/d) (ERI) 
Initial soil moisture (%) 
Coulter 28.99 28.72 28.64 28.56 28.54 26.18 24.24 22.79 22.76 Mean * 
NC 13.8 13.1 12.6 14.8 11 13.5 13.6 15.1 16.1 13.7'' 
SC 14.3 14.1 15.4 15.6 12.8 15 16.3 17.6 17.1 15.4* 
TC 13.6 12.1 12.7 13.9 10.6 13.4 14.6 15.2 15.8 13.5" 
Mean ** 13 g <=<•« 13.1 ' 13.6 14.8'"'' 11.4^ 14="= 14.8'" 16'*' 16.3 ' 14.2 
Means in the same row followed by the same letter are not significantly different at 5% probability level 
'Vertical comparison were done among the means (LSD(o.o5)= 0.6) 
"Horizontal comparison were done among the means (LSD(o.o5)= 1-3) 
NC= No-coulter 
SC = Single offset bubble coulter 
TC= Triple offset fluted coulter 
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Moreover, deeper seed depth in triple coulter treatment in 1994 could have resulted in lower 
emergence rate index. The single coulter treatment, with higher bulk density, resulted in 
greater emergence rate index values than the other coulter treatments at all the soil moisture 
levels (Table 55). No significant difference in emergence rate index was observed between 
no-coulter and triple coulter treatments. 
Regression analysis was performed on the entire data set to determine the relation 
between soil moisture and emergence rate index under different coulter treatments. The 
results showed that a quadratic model was better able to explain the variation in emergence 
rate index under different coulter treatments with soil moisture. The values for no-coulter, 
single coulter, and triple coulter treatments were 0.51, 0.71, and 0.63 respectively. Figure 17 
shows that emergence rate index slowly decreased with the increase in soil moisture. Lower 
emergence rate index values at higher soil moisture might be due to restricted availability of 
air to germinating seeds because of excessive water and more smearing. 
There were no significant differences among three coulter treatments at all the soil 
moisture levels in percent emergence (Table 56). Although, emergence was delayed with no-
coulter and triple coulter treatments, percentage emergence values were not significantly 
lower than for the single coulter treatment. Therefore, it can be concluded that seed zone 
conditions were not bad enough to be a serious problem for germinating seeds. However, in 
some of the soil blocks, a few seeds did not germinate. Low percent emergence at 28.54 
percent soil moisture under no-coulter and single coulter might be due to spatial variability in 
increased soil strength in the smeared and compacted seed zone. About 45 % of the initial 
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Figure 17. Emergence rate index with no-coulter, single offset bubble couter, and triple 
offset fluter coulter (growth chamber 1) 
Table 56. Mean comparison of percent emergence for initial soil moisture content with coulter treatments for growth 
chamber 1 (1994) 
Emergence (%) 
Initial soil moisture (%) 
Coulter 28.99 28.72 28.64 28.56 28.54 26.18 24.24 22.79 22.76 Mean * 
NC 100 100 100 100 91.7 100 100 100 85 97.4' 
SC 100 100 100 100 91.7 100 100 100 100 99.1 ' 
TC 100 100 100 100 100 100 100 100 95 99.4' 
Mean ** 100' 100' 100' 100' 94.5' 100' 100' 
o
 
o
 93.3 ' 98.6 
Means in the same row followed by the same letter are not significantly different at 5% probability level 
' Vertical comparison were done among the means (LSD (o.o5)= 2.2) 
"Horizontal comparison were done among the means (LSD(o.o5)= 7.5) 
NC= No-coulter 
SC = Single offset bubble coulter 
TC= Triple offset fluted coulter 
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moisture in the top 0-50 mm depth of soil was lost during 28 days, indicating much rapid 
drying of the smeared layer in the seed fiirrow (Table 47). 
Keeping the same planter depth adjustment for all the coulter treatments results in 
greater seed depth in the triple couher due to looser soil. Therefore, before starting the 
growth chamber study 2, the required planter adjustments were made to place the seed at the 
same depth under all the three coulter treatments. This planter adjustment improved the 
emergence rate index for the triple coulter treatment during the second growth chamber study 
(Table 57). Most probably greater seed depth in triple coulter treatment was the main cause 
of its lower emergence rate index in the first growth chamber study. Only soil moisture effect 
on emergence rate index was found highly significant (Table 54). Graphical representation of 
effects is shown in Figure 18. 
The complete data set was subjected to regression analysis to investigate the relation 
between emergence rate index and initial soil moisture. Resuhs showed that quadratic models 
(Second order polynomial) were better able than linear models to explain the variation in 
emergence rate index under different coulter treatments with initial soil moisture. The 
values for no-couker, single couher, and triple coulter treatments were 0.5, 0.48, and 0.62 
respectively. Figure 18 shows that the higher values of emergence rate index for all the three 
coulter treatments were in the 18-21 percent soil moisture range. Planting at a soil moisture 
below and above this range resulted in lower emergence rate index values. This might be the 
cause of lower percentage emergence (81.3 %) at 15.76 percent soil moisture. It suggests 
that the lower soil moisture (15.76 %) was not favorable for seed germination (Table 58). 
Table 57. Mean comparison of emergence rate index (ERI) for initial soil moisture content with coulter treatments for growth 
chamber 2 (1995) 
Emergence rate index (%/d) (ERI) 
Initial soil moisture (%) 
Coulter 27.80 25.48 25.04 24.5 24.45 24.15 21.58 19.19 15.76 Mean * 
NC 16.8 15.4 19.8 18.4 21.8 19.7 21.3 21 18.8 19.2' 
SC 18.9 16 23.6 18.2 21.4 20 22.1 22.8 16.2 19.9* 
TC 19.4 17.5 21.8 17.1 20.1 20 14.9 23.1 17.6 19* 
Mean ** lg4def 16.3 8 21 7.b 17 9efg 21.1 Q bed 19 4cde 22.3' 17.58^ 19.4 
Means in the same row followed by the same letter are not significantly different at 5% probability level 
*  V e r t i c a l  c o m p a r i s o n  w e r e  d o n e  a m o n g  t h e  m e a n s  ( L S D ( o . o 5 ) =  1 3 )  
"Horizontal comparison were done among the means (LSD(o.o5)= 1-9) 
NC= No-coulter 
SC = Single offset bubble coulter 
TC= Triple offset fluted coulter 
y = 0.03x^ - 2.2x^ + 49.8x - 344.2 
V = 0.62 
y = 0.009x^ - O.Bx^ + 13.8x - 88.7 ^ 
= 0.5 
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Figure 18. Emergence rate index with no-coulter, single offset bubble coulter 
and triple offset fluted coulter (growth chamber 2) 
Table 58. Mean comparison of percent emergence for initial soil moisture content with coulter treatments for growth 
chamber 2 (1995) 
Emergence (%) 
Initial soil moisture (%) 
Coulter 27.80 25.48 25.04 24.5 24.45 24.15 21.58 19.19 15.76 Mean * 
NC 100 100 100 100 100 100 100 100 83 98.1* 
SC 100 100 100 100 100 100 100 100 61 95.7* 
TC 100 100 100 100 100 100 51.7 100 100 95.1* 
Mean ** o
 
o
 
100* o
 
o
 
100* 100* 100* S3.9^ 100* 81.3'' 96.3 
Means in the same row followed by the same letter are not significantly different at 5% probability level 
' Vertical comparison were done among the means (LSD(o ,o5)= 6.2) 
"Horizontal comparison were done among the means (LSD(o.o5)= 10.6) 
NC= No-coulter 
SC = Single offset bubble coulter 
TC= Triple offset fluted coulter 
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Penetration resistance 
Soil penetration resistance measurements were taken below the seed level and normal 
to the sidewall 28 days after planting. These data are listed in Appendix. C. Summarized data 
are given in Tables 60 through 63. Summary of significance levels for F-tests is presented in 
Table 59. 
In growth chamber 1, penetration resistance values for soil moisture and coulter 
treatments showed highly significant effects but their interaction was not significant. Single 
coulter resulted in significantly greater values of penetration resistance in the seed zone both 
below the seed level and in the sidewall (Table 60 and 61). Triple coulter treatment had the 
lowest penetration resistance. The lower values were consistent with lower bulk density 
(Table 45). This is in agreement with the investigations of Taylor and Gardner (1962). This 
Table 59. Summary of significance levels for analysis of variance for the effects of initial soil 
moisture and coulter treatments on penetration resistance 28 days after planting 
(DAP) for (GCl) and growth chamber 2 (GC2) 
Significance levels of F - test 
Growth chamber 1 Growth chamber 2 
Effect Below seed In sidewall Below seed In sidewall 
MC, soil 
moisture 
< 0.0001 0.0008 0.008 0.004 
C, coulter <0.0001 0.0001 <0.0001 < 0.0001 
C*MC 0.48 0.61 0.58 0.69 
Table 60. Mean comparison of soil penetration resistance below seed level 28 days after planting for initial soil moisture 
content with coulter treatments for growth chamber 1 (1994) 
Penetration resistance (kPa) 
Initial soil moisture (%) 
Coulter 28.99 28.72 28.64 28.56 28.54 26.18 24.24 22.79 22.76 Mean * 
NC 6740.4 3707.8 2518.5 3312.5 3284.5 2494 2854.3 2948.7 2417 3364.2 '• 
SC 7027.2 4722.1 3260 3980.6 2875.3 2794.8 3190.1 3403.4 3312.5 3840.7 * 
TC 4473.8 2553.5 2633.9 2780.8 2032.3 1374.7 2336.6 2179.2 1986.8 2483.5' 
Mean ** 6080.5 ' 3661.1 2804.1'^'' 3358 be 2730.7 2221.2'' 2793 7bcd 2843.8'^'' 2572.1='* 3229.5 
Means in the same row followed by the same letter are not significantly different at 5% probability level 
* Vertical comparison were done among the means (LSD(o.o5)= 397.7) 
"Horizontal comparison were done among the means (LSD(o.o5)= 909.6) 
NC= No-coulter 
SC = Single offset bubble coulter 
TC= Triple offset fluted coulter 
Table 61. Mean comparison of soil penetration resistance in the sidewall 28 days after planting for initial soil moisture 
content with coulter treatments for growth chamber 1 (1994) 
Penetration resistance (kPa) 
Initial soil moisture (%) 
Coulter 28.99 28.72 28.64 28.56 28.54 26.18 24.24 22.79 22.76 Mean * 
NC 5138.4 2763.4 2808.8 3424.4 3340.5 2637.4 2560.4 3413.9 2053.3 3126.7 b 
SC 4603.4 3599.3 3176.1 4323.4 3357.9 3518.8 3732.2 3239 2738.8 3587.6* 
TC 2945.2 1588 1597.1 2364.6 2077.7 1962.3 1755.9 1588 1514.6 1932.6' 
Mean ** 4228.9 a 2650.2 2527.3 3370.8 b 2925.4 2706.2*^ 2682.8'^'' 2747 2102.2'' 2882.3 
Means in the same row followed by the same letter are not significantly different at 5% probability level 
'Vertical comparison were done among the means (LSD (o.o5)= 350.6) 
"Horizontal comparison were done among the means (LSD(o.o5)= 710.4) 
NC= No-coulter 
SC = Single offset bubble coulter 
TC= Triple offset fluted coulter 
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trend of lower penetration resistance with triple coulter treatment was observed at all the soil 
moisture levels (Figure 19 and 20). Mean comparison indicated that single coulter resulted in 
1.14 and 1.55 times greater penetration resistance below the seed level than that for no-
coulter and triple coulter treatment respectively (Table 60). Also single coulter produced 1.15 
and 1.9 times greater penetration resistance in the sidewall than in no-coulter and triple 
coulter treatment respectively (Table 61). Comparison of overall mean values indicated that 
penetration resistance below seed level was about 1.12 times greater than that in the sidewall. 
Penetration resistance below seed level ranged from 1370 to 4470 kPa for triple coulter, 2420 
to 6740 kPa for no-coulter, and 2790 to 7030 kPa for single coulter treatments. Similarly the 
ranges of penetration resistance in the sidewall for triple coulter, no-coulter, and single coulter 
were 1510-2950 kPa, 2050-5140 kPa, and 2740-4600 kPa respectively. Figures 19 and 20 
show that, in general, increase in initial soil moisture resulted in increased soil strength in the 
seed zone. This indicates that planting at greater soil moisture resuhed in greater penetration 
resistance due to drying of the more severely smeared seed zone. 
In growth chamber 2, penetration resistance values for soil moisture and coulter also 
showed highly significant effects (Table 59). Comparison of mean values of penetration 
resistance 28 days after planting , below seed level and in the sidewall, provided more 
evidence that the increase in bulk density results in increased soil strength (Table 62 and 63). 
The order of penetration resistance for coulter treatments was the same as was found in 
growth chamber study 1 (single coulter > no-coulter > triple coulter). Single coulter 
treatment had significantly greater values and triple coulter significantly lower values of 
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Figure 19. Soil penetration resistance below seed level 28 days after planting with no-coulter 
single offset coulter, and triple offset fluted coulter (growth chamber 1) 
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Figure 20. Soil penetration resistance normal to sidewall 28 days after planting with no-coulter, 
single offset bubble coulter, and triple fluted coulter (growth chamber 1) 
Table 62. Mean comparison of soil penetration resistance below seed level 28 days after planting for initial soil moisture 
content with coulter treatments for growth chamber 2 (1995) 
Penetration resistance (kPa) 
Initial soil moisture (%) 
Couher 27.80 25.48 25.04 24.5 24.45 24.15 21.58 19.19 15.76 Mean * 
NC 4599.7 5012.5 5203.9 4552.1 4500.8 4193.9 2773.3 4293.8 3173.1 4255.9*' 
SC 5726 6075.8 6546 5261.3 5917.8 4914.9 3230.2 5029.1 3137.4 5093.2' 
TC 3340.5 3872.1 4454.4 3523.9 3251.6 2766.2 1930.9 2812.6 2159.4 3123.5' 
Mean ** 4555.4 4986.8"'' 5401.4' 4445.8'*' 4556.7''' 3958.3*'''' 2644.8"' 4045.2'*" 2823.3 4157.5 
Means in the same row followed by the same letter are not significantly different at 5% probability level 
'Vertical comparison were done among the means (LSD(o.o5)= 308.3) 
"Horizontal comparison were done among the means (LSD(o.o5)= 1366.8) 
NC= No-coulter 
SC = Single offset bubble coulter 
TC= Triple offset fluted coulter 
Table 63. Mean comparison of soil penetration resistance in the sidewall 28 days after planting for initial soil moisture 
content with coulter treatments for growth chamber 2 (1995) 
Penetration resistance (kPa) 
Initial soil moisture (%) 
Coulter 27.80 25.48 25.04 24.5 24.45 24.15 21.58 19.19 15.76 Mean * 
NC 3956.1 3413.9 4372.3 2897.2 3208.7 3494.3 2095.2 2944.6 2184.4 3174.1 *• 
SC 4792.9 4522.7 4568.6 3427.1 4265.3 3547.8 2577 3726.3 2912.5 3815.5* 
TC 2493.9 2808.8 3180.2 2383.1 2077.3 1738.2 1534 1152.9 1374.2 2082.6' 
Mean ** 3747.6 3581.8'*' 4040.4' 2902.5*'"' 3183,8'*'' 2926.8*"'' 2068.7 ^ 2607.9 2157'* 3024.1 
Means in the same row followed by the same letter are not significantly different at 5% probability level 
'Vertical comparison were done among the means (LSD(o.o5)= 361.6) 
"Horizontal comparison were done among the means (LSD(o.o5)= 934.3) 
NC= No-coulter 
SC = Single offset bubble coulter 
TC= Triple offset fluted coulter 
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penetration resistance. Single coulter treatment resulted in, 1.2 and 1.63 times below seed 
level and 1.2 and 1.83 times in the sidewall, greater penetration resistance than those for no-
coulter and triple coulter treatment, respectively. Comparison between overall mean 
penetration resistance values of three couher treatments indicated that the soil strength below 
seed level was 1.4 times greater than that in the sidewall. Quadratic models (second order 
polynomial) well explained the variation in penetration resistance under different coulter 
treatments with initial soil moisture . When the penetration resistance was measured below 
the seed level, the values for no-coulter, single coulter, and triple coulter treatments were 
0.47, 0.58, and 0.46 respectively (Figure 21). However, when the measurements were made 
in the sidewall, the values for no-coulter, single coulter, and triple coulter treatments were 
0.59, 0.61, and 0.6 respectively (Figure 22). The increase in penetration resistance with the 
greater soil moisture content at planting time strongly agreed with the findings of the growth 
chamber 1. 
Plant dry matter 
Data for the dry matter of shoot, in-fiirrow root, and out-of-flirrow root are given in 
Appendix C. Summary of significance for F-test is presented in Table 64. Summarized results 
are given in Tables 65 and 66. Graphical presentations are given in Figures 23 through 26. 
In growth chamber 1, effect of soil moisture on plant shoot, root, and in-fiirrow root 
dry matter weight was highly significant. Also coulter treatments had significant effects on 
shoot, root, and, percentage in-fiirrow root dry matter weight. 
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Figure 21. Soil penetration resistance below seed 28 days after planting with no-coulter, 
single offset bubble coulter, and triple offset fluted coulter (growth chamber 2) 
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Table 64. Summary of sigiuficance levels for analysis of variance for the effects of initial 
soil moisture and coulter treatments on plant dry matter 28 days after planting 
(DAP) for growth chamber 1 (GCl) and growth chamber 2 (GC2) 
Significance levels of F - test 
Effect GCl GC2 
Shoot Root PIF Shoot Root PIP 
MC, soil 0.001 0.0004 0.0002 0.04 0.001 0.46 
moisture 
C, coulter 0.03 0.03 0.04 0.26 0.31 0.39 
C*MC 0.27 0.54 0.02 0.04 0.14 0.51 
PIF = In-furrow root percent of total root dry weight 
There was much variability in the dry matter weight of plant components. No specific 
trend was found with the increase in soil moisture. However, greatest and lowest mean plant 
dry matter weight values were observed at 24,24 and 28.54 % respectively (Figure 23). 
The effect of soil moisture on in-fiirrow root percentage is presented in Figure 24. Figure 24, 
in general, indicates that triple coulter had lower weight of roots in the in-fiirrow section of 
root zone. Greater difference in percentage in-fijrrow roots among the three coulter 
treatments was observed at 28.99 % soil moisture, at which about 72, 58, and 34 percent of 
the total root weight was observed in the in-fiirrow section in no-coulter, single coulter, and 
triple coulter treatment respectively (Figure 24). This greater percentage in-fijrrow root dry 
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Figure 23. Plant dry matter weight (shoot and root) 28 days after planting with no-coulter, 
single offset bubble coulter, and triple fluted coulter (growth chamber 1) 
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Figure 24 . Percentage in-furrow root dry matter weight 28 days after planting with no-coulter, 
single offset bubble coulter, and triple offset fluted coulter (growth chamber I) 
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matter in no-coulter treatment might be due to more sidewall smearing which on drying 
restricted the roots to move along the length of the seed furrow. 
Table 65 shows the comparison of mean dry weights of different components of a 
plant. Triple couher resulted in significantly the lowest percent in-furrow root dry matter 
weight. No-coulter had more percent in-flirrow root dry matter weight (1.03 and 1.1 times) 
than the single coulter treatment and triple coulter treatment respectively. This indicates that 
more roots were confined to in-fiirrow section in no-coulter treatment. Most of the roots 
moved along the length of the seed furrow. This might be due to low air permeability of the 
sidewall of no-couher treatment and fewer macropores in the sidewall through which the plant 
roots could pass. There was no significant difference in total root dry matter weight between 
triple coulter and single coulter treatments. However, both the triple coulter treatment and 
the single coulter treatment had significantly greater total root dry matter weight than the 
no-coulter treatment. Triple coulter treatment and single coulter treatment resulted in 1.18 
and 1.21 times more total root dry matter weight respectively than no-coulter treatment. 
Comparison of shoot dry matter indicates that single coulter treatment produced significantly 
greater weight than the no-coulter, and triple couher treatments. No significant difference in 
shoot dry matter weight between no-couker and triple coulter treatment was observed. As 
observed earlier in the field experiment 1, the triple coulter treatment had significantly greater 
seed depth than did the no-coulter and single coulter treatments, which could have caused 
delay in seed germination in triple coulter treatment. This delayed germination resulted in 
significantly lower value of emergence rate index (Table 55) and hence lower shoot dry matter 
weight than with single coulter treatment. Although, triple couher treatment had significantly 
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Table 65. Mean comparison of plant shoot and root dry matter weight 28 days after planting 
(DAP) with coulter treatments for growth chamber 1 (1994). 
Coulter Shoot dry Root dry matter Total plant dry In-furrow root 
matter (mg) (mg) matter (mg) dry matter (%) 
NC 365.9 101.5*' 467.4*' 68.1 ' 
SC 441.5* 122.6' 564.1 ' 66.1 
TC 360.0 120.0' 480.0'' 61.8*' 
Mean 389.1 114.7 503.8 65.3 
LSD (0.05) 64.9 17.1 72.7 5.0 
* Means in each column followed by the same letter are not significantly different 
at 5% probability level 
NC = No-couher 
SC = Single offset bubble coulter 
TC = Triple offset fluted coulter 
greater seed depth than no-coulter treatment, the emergence rate index was not affected. 
Hence the shoot dry matter weight in triple couher treatment was the same as for the no-
coulter treatment. The greatest shoot dry matter weight was found in single coulter treatment 
where soil bulk density and penetration resistance (below the seed level and in the sidewall) 
values were greater than in no-coulter treatment and triple coulter treatment. 
In growth chamber 2, effects of soil moisture on shoot and root dry matter weight 
were significant but the effect of coulter treatments on the same parameters was insignificant 
(Table 64). Also, no specific trend of dry matter weight of different plant components was 
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observed with different levels of soil moisture and coulter treatments (Figures 25, and 26). 
However, greater mean plant dry matter weight (1490 mg) and lower in-fiirrow root dry 
weight (458 mg) were observed at 24.15 % (close to field capacity of loam soil in this study) 
than were seen at lower moisture. 
Table 66 explains effects of couher treatments on mean dry weights of different 
components of a plant. Different coulter treatments had no significant effects on shoot, total 
root, total plant (shoot and root), and percentage in-fiirrow root dry matter weight. Only 
small differences in values of different parameters were observed among three coulter 
treatments. Although the no-coulter treatment had 10 % higher percentage in-fijrrow root dry 
matter weight than triple coulter treatment, it produced 14 % more shoot dry matter weight. 
This gives no signs of adverse effects of smearing on shoot dry matter production under no-
coulter treatment where air permeability was significantly lower (Table 53) and soil 
penetration resistance significantly greater than triple coulter treatment (Table 62 and 63). 
Similar trends were observed for single coulter treatment. Single coulter treatment had 5.6 % 
more percentage in-fiirrow root dry matter weight and produced 5.5 % more shoot dry matter 
weight than triple coulter treatment. This indicates that as long as the roots get enough water 
and other required plant nutrients under favorable conditions of soil strength, air, and 
temperature, plant dry matter will not be effected. No-coulter and single couher treatment 
had more roots in the in-flirrow section and still produced as much plant dry matter weight as 
the triple coulter treatment. It was observed at the time of breaking the soil blocks that more 
roots moved parallel to the soil surface in the seed furrow in no-coulter and single coulter 
treatments than in the triple coulter treatment. This lateral root movement inside the seed 
mc-0 
BC-1 
15.76 19.19 21.58 24.15 24.45 24.5 25.04 25.48 27.8 
INITIAL SOIL MOISTURE (%) 
Figure 25. Plant dry matter weight (shoot and root) 28 days after planting with no-coulter, 
single offset bubble coulter, and triple offset fluted coulter (growth chamber 2) 
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Figure 26. Percentage in-furrow root drymatter weight 28 days after planting with no-couher, 
single offset bubble coulter, and triple offset fluted coulter (growth chamber 2) 
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Table 66. Mean comparison of plant shoot and root dry matter weight 28 days after 
planting (DAP) with coulter treatments for growth chamber 2 (1995) 
Coulter Shoot dry 
matter (mg) 
Root dry matter 
(mg) 
Total plant dry 
matter (mg) 
In-furrow root 
dry matter (%) 
NC 735.2'* 322.9 * 1058.1 ' 43.1 ' 
SC 678.9' 317.8' 996.7' 41.4' 
TC 643.3' 285.2' 928.5' 39.2' 
Mean 685.8 308.6 994.4 41.4 
LSD (0.05) ns ns ns ns 
* Means in the column followed by the same letter are not significantly different 
at 5% probability level 
NC = No-coulter 
SC = Single offset bubble coulter 
TC = Triple offset fluted coulter 
furrow was especially noticed at high initial soil moisture treatments where more sidewall 
smearing was observed. Although triple coulter treatment reduced sidewall smearing, it did 
not increase plant dry matter weight under the conditions of these two growth chamber 
studies. The results agree with the findings of Cannel and Finney (1973). Cannel and Finney 
(1973) found shorter tap-roots after direct drilling kale, and these tended to grow parallel to 
the soil surface. However, the yield of kale was unaffected when availability of plant nutrients 
was adequate. 
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CHAPTER V. SUMMARY AND CONCLUSIONS 
Summary 
Poor crop stands have at times been attributed to seed furrow sidewall smearing. Seed 
furrow smearing seems to occur most often on fine textured soils and/or when the soil is wet 
and firm at planting. A dry period after planting seems to accentuate the problem. This study 
investigated the effects of three couher treatments on seed furrow sidewall smearing and 
related effects on com emergence. Experiments were conducted in the field and in growth 
chambers. The first experiment was conducted in clay loam soil in 1994 and the second in 
loam soil in 1995. The three coulter treatments, no-coulter, single offset bubble coulter, and 
triple offset fluted couher, were applied on three planting dates within each of three planting 
periods. Data were collected in replicated experiments during the three planting periods to 
determine if five parameters (soil bulk density, air permeability, emergence and emergence rate 
index, soil cone index, and plant dry matter) were affected by three coulter treatments. The 
intent was to plant at three different soil moisture contents within each period, but weather 
and soil constraints made it impossible to obtain three distinct moisture regimes. 
169 
Part I: Field studies 
Soil bulk density 
For both the field experiments, (clay loam in 1994; loam in 1995) bulk density was 
sampled at two depths (0-50 mm and 50-100 mm) before planting and at seedling emergence. 
Bulk density was lower at emergence than before planting for all planting periods and coulter 
treatments. Bulk density for the triple couher was significantly lower than for the single 
coulter for all planting periods. Bulk density for the no-coulter treatment was intermediate, 
but was usually closer to the bulk density observed for the single coulter. 
Air permeability 
Air permeability of 40 mm diameter by 20 mm thick soil samples taken from seed 
furrow sidewalls was measured as a possible indicator of sidewall smearing. 
In the first experiment, variability among sample repetitions was fi-equently high, 
possibly masking differences in permeability. For the first planting period there were no 
significant permeability differences for coulter treatments but for the moisture content there 
was. For the second planting period, permeability was significantly greater for the lowest soil 
moisture and for triple coulter treatment. Also, in the third planting period permeability was 
significantly greater for the triple coulter treatment. 
In the second experiment, significant differences for soil moisture contents and coulter 
treatments were observed. Significantly greater air permeability values were observed for the 
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lowest soil moisture and triple coulter treatment in all the three planting periods. No-coulter 
resulted in the lowest air permeability values, indicating severe smearing. 
Emergence 
Emergence and emergence rate index were measured for all treatments. There were 
no significant differences in total emergence for planting dates or coulter treatments in both 
the experiments. 
In experiment 1, there were significant differences in the emergence rate index for 
coulter treatments in all three planting periods. Emergence rate index was always lowest for 
the triple coulter and was usually highest for the single coulter with the no-coulter treatment 
intermediate. While not intended, depth of planting for the triple coulter treatment was 
greater than for the other two row preparations, and it seems likely that the greater planting 
depth delayed emergence of that treatment. Planting date was also significant for emergence 
rate index in three planting periods. In the first planting period, emergence rate was greater 
on May 12 (22.79% soil moisture) than for April 29 and May 5 (28.54 and 28.64% soil 
moisture respectively). This is assumed to be due to the soil moisture and temperature 
differences. In the second planting period, emergence rate was greater on July 7 (24.24% soil 
moisture) than for June 6 and 8 (26.18 and 28.7% soil moisture respectively). This is thought 
to be due to the soil moisture differences, as the air temperatures were similar for the 
emergence periods. And in the third planting period, emergence rate index was significantly 
greater for corn planted on July 15 and July 22 than on Aug. 11. 
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In experiment 2, emergence rate index values in the first planting period were 
significantly greater for triple coulter treatment than those for the other two coulter 
treatments. The increased emergence rate index under triple couher treatment for the first 
planting period is thought to be due to faster seed zone warming of the tilled strip during early 
part of the growing season. There were, however, no significant differences in the emergence 
rate index among three coulter treatments for the other two planting periods. Precise planter 
adjustments for depth control in triple coulter treatment removed the problem of deeper seed 
placement. Probably significantly deeper seed depth under triple coulter treatment than no-
coulter and single coulter treatments was the main cause of the low emergence rate index in 
the first experiment. Planting date was not significant for emergence rate index in the second 
and the third planting periods. However, in the first planting period, emergence rate was 
greater on May 31 (24.5% soil moisture) than for May 16 and May 24 (27.8 and 25.48% soil 
moisture respectively). This is attributed to the soil moisture and temperature differences. 
Penetration resistance 
Cone index was measured below the seed and in the furrow sidewall with a small (6.3 
mm diameter, 30° cone angle) hand held penetrometer. 
In experiment 1, significant differences were found both below the seed and in the 
furrow sidewall for all couher treatments. In both locations, cone index was always greatest 
for the single coulter and lowest for the triple coulter. The no-coulter treatment was 
intermediate and cone index below the seed was significantly different from the other two 
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treatments, except for the first planting period. For the second and third planting periods 
there were significant differences in cone index with planting date. Cone index generally 
increased with a decrease in soil moisture content. 
In experiment 2, measurements of cone index were taken in undisturbed soil in 
addition to the measurements in coulter treatment rows. In the first planting period, the single 
coulter treatment had significantly the greatest and triple coulter the lowest cone index both 
below the seed and in the side wall. The no-coulter treatment and undisturbed soil were 
intermediate, and cone index values at both the locations were significantly different from the 
single coulter and triple coulter treatments. In both locations, there were significant 
differences in cone index with planting dates. Increase in moisture content decreased cone 
index. In the second and third planting periods, order of cone index for coulter treatments 
was the same as in the first planting period. However, for the second planting period no 
significant difference was observed between cone index values for single coulter sidewall 
measurements and undisturbed soil. For the third planting period, insignificant differences 
were observed between cone index values below the seed and in the sidewall for single coulter 
treatment and undisturbed soil. Planting date effect was found insignificant in second and 
third planting periods. 
Plant dry matter 
In experiment 1, plant dry matter weight was sampled 42 days after planting for each 
treatment. For all planting periods, dry matter weight was significantly lower for the triple 
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coulter treatment than for the no-coulter and single coulter treatments. Dry matter differences 
were also found for planting dates. For the first period, dry matter weight increased from 
April 29 to May 5 to May 12, due to the increasing air and seed zone temperatures and 
corresponding earlier emergence and faster plant growth rates. In the second planting period, 
dry matter was significantly greater for the July 7 planting than for June 6 and 8 plantings. 
This may be due to lower precipitation and possibly better soil aeration during the 42 days 
following July 7 than after June 6 and 8. In the third planting period, dry matter decreased 
from the July 15 to the July 22 and August 11 plantings. This was probably due to corn 
morphology and day length changes rather than to changes in temperature, soil moisture, or 
root environment. 
In experiment 2, plant dry matter weight was sampled 42 days after planting (DAP)for 
each treatment of first planting period. In this first planting period, triple coulter treatment 
had significantly greater plant dry matter than did the other two coulter treatments. This is 
attributed to more aeration and early warming of seed zone under triple coulter treatment. In 
this first period, dry matter weight increased from first to third date of planting, due to 
increasing seed zone and air temperatures and corresponding increased emergence rate index. 
For the second and third planting periods, plants were harvested 28 and 42 DAP for dry 
matter measurements. In the second planting period, triple coulter resulted in the greatest dry 
matter when harvested 42 DAP. In the third planting period, triple coulter had the greatest 
dry matter at both the harvesting times. Planting dates in second planting period also 
significantly affected dry matter weights when harvested 42 DAP. These favorable results of 
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dry matter for triple coulter treatment were attributed to better soil aeration and favorable 
seed zone conditions for early wanning and drainage and evaporation of excess water under 
wet soil conditions. 
Part II: Growth chamber studies 
At 28 days after planting: Bulk density was lowest for the triple coulter treatment in 
both the years. Average soil moisture during the 28 day period was the same for all coulter 
treatments in each study, but averaged 17.82 % in study 1 and 8.71 % in study 2. 
The triple coulter treatment had the highest and no-coulter treatment the lowest air 
permeability in both studies. In study 1, air permeability was not closely related to soil 
moisture content. However, air permeability was reasonably well related to soil moisture 
content, especially at lower moisture content. 
Emergence rate index was the highest for the single coulter treatment in study 1. 
There were no significant difference in emergence rate index in study 2. Total emergence was 
not affected by coulter treatment in either study. 
For both studies, penetration resistance at 28 days after planting both below the seed 
and in the furrow sidewall was: single coulter greatest, no-coulter intermediate, and triple 
coulter lowest. 
In study 1 at 28 days after planting, shoot and total plant dry matter weight were 
highest for the single coulter treatment. The triple coulter treatment had the lowest percent of 
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the root dry matter in the furrow. In study 2 there were no significant differences in shoot or 
root dry matter weights, nor in the percent of root dry matter in the furrow. 
Conclusions 
Part I: Field studies 
The following conclusions were drawn from the two field studies. 
1. Soil bulk density in the 0-100 mm layer was lower at seedling emergence than before 
planting. The triple coulter treatment produced the lowest soil bulk density in the 0-100 
mm soil layer. 
2. In the second and third planting periods of first experiment, air permeability of the seed 
furrow sidewall immediately after planting was highest for the triple coulter. Air 
permeability was not clearly related to soil moisture content. In all the planting periods of 
the second experiment, air permeability of the seed fiarrow sidewall was highest for the 
triple couher and was generally related to soil moisture content. 
3. Percent emergence was not affected by treatments, but emergence rate was. In the first 
experiment, single coulter resulted in the highest and triple coulter in the lowest 
emergence rate index. In the second experiment, triple coulter had the highest emergence 
rate index for plantings earlier in the season at low seed zone temperatures. 
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4. The single coulter produced the highest and the triple coulter the lowest cone index 
values, both in the seed fijrrow sidewall and beneath the seed in both the experiments. . 
Also, cone index decreased with an increase in soil moisture. 
5. Plant dry matter weight 42 days after planting (DAP)was less for the triple coulter than for 
the other two coulter treatments in the first experiment. In the second experiment, triple 
coulter treatment generally had the highest plant dry matter 28 and 42 DAP. 
6. The triple coulter performed better than the other coulter treatments on measures that 
should inhibit sidewall smearing, i.e. lower soil bulk density, lower cone index, higher air 
permeability in both the experiments. However, the triple coulter resulted in lower plant 
performance measures; lower emergence rate index and lower plant weight in the first 
experiment due to greater seed depth. In the second experiment, careful adjustments of 
the triple couher to plant at the same depth as the other treatments resulted in plant dry 
matter weight greater than for the other coulter treatments. 
For the conditions of the first field experiment, there was no indication that seed furrow 
sidewall smearing adversely affected seedling emergence or emergence rate. However, in the 
second experiment, triple coulter inhibited seed furrow sidewall smearing and increased plant 
growth under relatively wet soil and in the earlier part of the growing season at low soil 
temperatures 
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Part II: Growth chamber studies 
The following conclusions were drawn from the two growth chamber studies 
1. Soil bulk density in the 0-100 mm layer was the lowest for the triple coulter treatment and 
highest for the single coulter treatment in both the studies. Bulk density was lower than 
preplanting for all the coulter treatments. 
2. Air permeability in the smeared sidewall was the greatest for triple coulter treatment and 
lowest for no-coulter treatment in both studies. There was no clear relation between soil 
moisture and air permeability in study 1. However, an exponentially decreasing trend of 
air permeability with the increase in moisture was observed in the second study. 
3. Total emergence was not affected by any coulter treatment in either study, but emergence 
rate index was affected in study 1. The single coulter treatment had the highest emergence 
rate index in study 1. There were no significant differences among emergence rate index 
values for coulter treatments in study 2. 
4. Penetration resistance both below the seed level and in the sidewall was lowest for triple 
coulter and highest for single coulter in both the studies. 
5. Single coulter treatment had the highest plant dry matter weight and triple coulter 
treatment had the least root weight in the furrow in study 1. No significant differences in 
plant dry matter and root weight in furrow were found in study 2. 
6 On the basis of the observed plant development in both the growth chamber studies, no 
adverse effects of smearing were observed on plant growth under any coulter treatment. 
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Recommendations for com growers 
1. For maximum seedling emergence, especially in coarse textured soils, com should be 
positively planted in soils where the moisture is above the lower plastic limit. 
2. If planting is to be done at or above the field capacity of soil, use of triple offset fluted 
couhers ahead of planter double disk openers lessens the risk of severe smearing that 
otherwise may retard seedling emergence and root development. 
3. In poorly drained soils, use of triple offset fluted coulters at planting will help in drying the 
soil and increasing soil aeration. 
4. In wet, cold soils, where seed zone temperature is below the favorable range for crop 
emergence, loosening the top soil layer with triple offset fluted coulters will improve 
soil aeration and seed zone warming, which in turn will improve early seedling emergence. 
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Suggested future work 
This dissertation has reported the effects of three coulter treatments on seed furrow 
sidewall smearing and related effects on com emergence and seedling growth. The 
experiments were conducted in somewhat poorly drained clay loam and loam soils in two 
different cropping seasons. Crop residue from the previous year's crop was removed before 
planting. Because the study was conducted for only one year in each soil, additional data on 
seed furrow smearing should be collected. Replicated experiments should be carried out with 
old crop residue present, both in the field and in the growth chambers. 
The triple fluted coulter was effective in eliminating seed furrow smearing on two soil 
types under particular weather conditions. This treatment should now be tested in different 
agro-climatic conditions in order to generalize its performance. 
Prebble (1970) reported restricted root penetration in horizontally placed smeared soil 
layers (58 % clay). A laboratory study should be conducted to assess the smearing and its 
effects on plant growth for a range of soil types at different moisture contents and bulk 
densities. The soils found prone to smearing could be mixed with different levels of inorganic 
soil dispersing agents. The dispersing agents may help to reduce the soil particle binding 
forces. After reducing the particle binding forces, smearing tests should again be made. This 
lab experiment would help in determining the specific amounts of dispersing agents to be 
added/sprayed in the seed furrow when planting the crop. 
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Table A. 1 Soil bulk density and moisture before planting for first 
planting period (April 29-May 12), Experiment 1, 1994 
No Block Planting 
date 
Depth Sample MC 
(%) 
ED 
(Mg/m') 
1 B1 04/29/94 D1 SI 31.26 1.09 
2 El 04/29/94 D2 SI 34.32 1.13 
3 B1 04/29/94 D1 S2 33.35 1.29 
4 B1 04/29/94 D2 S2 36.01 1.16 
5 El 04/29/94 D1 S3 31.78 0.87 
6 El 04/29/94 D2 S3 33.46 1.31 
7 E2 04/29/94 D1 SI 31.59 0.96 
8 E2 04/29/94 D2 SI 32.79 1.09 
9 B2 04/29/94 D1 S2 31.34 1.08 
10 B2 04/29/94 D2 S2 32.35 1.23 
11 B2 04/29/94 D1 S3 29.84 1.12 
12 B2 04/29/94 D2 S3 32.56 1.29 
13 E3 04/29/94 D1 SI 23.33 1.34 
14 B3 04/29/94 D2 SI 23.91 1.51 
15 E3 04/29/94 D1 S2 21.99 1.16 
16 B3 04/29/94 D2 S2 24.64 1.41 
17 B3 04/29/94 D1 S3 22.37 1.33 
18 B3 04/29/94 D2 S3 26.37 1.57 
19 B1 05/05/94 D1 SI 29.75 0.99 
20 B1 05/05/94 D2 SI 32.85 1.36 
21 B1 05/05/94 D1 S2 29.46 1.23 
22 El 05/05/94 D2 S2 33.95 1.43 
23 El 05/05/94 D1 S3 28.64 1.06 
24 El 05/05/94 D2 S3 31.81 1.33 
25 E2 05/05/94 D1 SI 27.37 1.15 
26 E2 05/05/94 D2 SI 32.83 1.41 
27 E2 05/05/94 D1 S2 29.15 0.94 
28 B2 05/05/94 D2 S2 34.43 1.23 
29 E2 05/05/94 D1 S3 28.26 0.91 
30 E2 05/05/94 D2 S3 33.54 1.26 
31 B3 05/05/94 D1 SI 28,00 1.36 
32 B3 05/05/94 D2 SI 32.70 1.50 
33 B3 05/05/94 D1 S2 28.03 1.20 
34 B3 05/05/94 D2 S2 29.98 1.47 
35 B3 05/05/94 D1 S3 29.10 1.28 
36 E3 05/05/94 D2 S3 31,82 1.44 
37 El 05/12/94 D1 SI 24,21 1.08 
38 El 05/12/94 D2 SI 32,62 1.30 
39 El 05/12/94 D1 S2 24.46 1.08 
40 El 05/12/94 D2 S2 33.62 1.25 
41 El 05/12/94 D1 S3 24.81 1.19 
42 El 05/12/94 D2 S3 31.41 1.44 
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Table A. 1 (Continued) 
No Block Planting Depth Sample MC BD 
date (%) (Mg/m^) 
43 B2 05/12/94 Dl SI 20.97 1.02 
44 B2 05/12/94 D2 SI 30.50 1.26 
45 B2 05/12/94 Dl S2 23.18 1.05 
46 B2 05/12/94 D2 82 31.97 1.10 
47 B2 05/12/94 Dl S3 21.68 0.94 
48 B2 05/12/94 D2 S3 29.64 1.27 
49 B3 05/12/94 Dl SI 20.52 1.31 
50 B3 05/12/94 D2 SI 28.47 1,62 
51 B3 05/12/94 Dl S2 21.61 1.17 
52 B3 05/12/94 D2 S2 27.71 1.44 
53 B3 05/12/94 Dl S3 23.71 1.21 
54 B3 05/12/94 D2 S3 27.14 1,40 
Bl, B2, B3=Replications 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
SI, S2, S3=Sample number 
MC=Moisture content 
BD=Bulk density 
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Table A. 2 Soil bulk density and moisture at germination for first planting period 
(April 29 - May 12), Experiment 1, 1994 
NO Block Planting Coulter Depth Frequency Moisture 
(%) 
Bulk 
(Mg/m^) 
1 B1 04/29/94 CO D1 6 23.54 1.08 
2 B1 04/29/94 CO D2 6 35.46 1.23 
3 BI 04/29/94 CI D1 6 24.98 1.13 
4 B1 04/29/94 CI D2 6 34.71 1.28 
5 Bl 04/29/94 C3 D1 6 24.70 1.02 
6 Bl 04/29/94 C3 D2 6 37.78 1.23 
7 B2 04/29/94 CO D1 6 20.51 1.16 
8 B2 04/29/94 CO D2 6 30.33 1.35 
9 B2 04/29/94 CI D1 6 21.80 1.06 
10 B2 04/29/94 CI D2 6 31.45 1.26 
11 B2 04/29/94 C3 D1 6 19.13 1.02 
12 B2 04/29/94 C3 D2 6 32.49 1.24 
13 B3 04/29/94 CO D1 6 16.51 1.23 
14 B3 04/29/94 CO D2 6 23.12 1.45 
15 B3 04/29/94 CI D1 6 17.47 1.19 
16 B3 04/29/94 CI D2 6 23.81 1.48 
17 B3 04/29/94 C3 D1 6 15.78 1.19 
18 B3 04/29/94 C3 D2 6 24.11 1.48 
19 Bl 05/05/94 CO D1 6 28.14 1.04 
20 Bl 05/05/94 CO D2 6 35.93 1.20 
21 Bl 05/05/94 CI D1 6 29.78 1.09 
22 Bl 05/05/94 CI D2 6 37.88 1.30 
23 Bl 05/05/94 C3 D1 6 27.38 0.95 
24 Bl 05/05/94 C3 D2 6 35.50 1.24 
25 B2 05/05/94 CO D1 6 29.43 1.06 
26 B2 05/05/94 CO D2 6 34.20 1.37 
27 B2 05/05/94 CI D1 6 28.54 1.11 
28 B2 05/05/94 CI D2 6 35.23 1.28 
29 B2 05/05/94 C3 D1 6 27.89 0.95 
30 B2 05/05/94 C3 D2 6 37.24 1.19 
31 B3 05/05/94 CO D1 6 25.39 1.14 
32 B3 05/05/94 CO D2 6 33.03 1.24 
33 B3 05/05/94 CI D1 6 27.14 1.15 
34 B3 05/05/94 CI D2 6 34.11 1.27 
35 B3 05/05/94 C3 D1 6 25.42 I.Ol 
36 B3 05/05/94 C3 D2 6 34.92 1.19 
37 Bl 05/12/94 CO D1 6 26.75 1.03 
38 BI 05/12/94 CO D2 6 35.96 1.25 
39 Bl 05/12/94 CI D1 6 26.70 1.06 
40 Bl 05/12/94 CI D2 6 36.88 1.26 
41 Bl 05/12/94 C3 D1 6 22.82 0.91 
42 Bl 05/12/94 C3 D2 6 36.79 1.09 
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Table A. 2 (Continued) 
No Block Planting Coulter Depth Frequency MC 
(%) 
BD 
(Mg/m^) 
43 B2 05/12/94 CO Dl 6 24.18 1.15 
44 B2 05/12/94 CO D2 6 29.40 1.25 
45 B2 05/12/94 CI Dl 6 24.63 1.15 
46 B2 05/12/94 CI D2 6 29.30 1.28 
47 B2 05/12/94 C3 Dl 6 17.74 0.98 
48 B2 05/12/94 C3 D2 6 30.47 1.15 
49 B3 05/12/94 CO Dl 6 21.11 1.07 
50 B3 05/12/94 CO D2 6 28.67 1.33 
51 B3 05/12/94 CI Dl 6 21.08 1.12 
52 B3 05/12/94 CI D2 6 27.78 1.33 
53 B3 05/12/94 C3 Dl 6 20.43 1.05 
54 B3 05/12/94 C3 D2 6 28.55 1.27 
Bl, B2, B3=Replications 
CO, CI, C3=No-couller, Single offset bubble coulter, and Triple offset fluted coulter 
treatments respectively 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
MC=Moisture content 
BD=Bulk density 
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Table A. 3 Air permeability at planting for first planting period (April 29 - May 12), 
Experiment 1, 1994 
No Block Planting Coulter Frequency Permeab. 
(X E-11 m^) 
1 Bl 04/29/94 CO 3 7.57 
2 Bl 04/29/94 CI 3 12.00 
3 Bl 04/29/94 C3 3 16.00 
4 B2 04/29/94 CO 3 4.40 
5 B2 04/29/94 CI 3 5.83 
6 B2 04/29/94 C3 3 14.33 
7 B3 04/29/94 CO 3 3.40 
8 B3 04/29/94 CI 3 3.97 
9 B3 04/29/94 C3 3 14.00 
10 Bl 05/05/94 CO 3 7.33 
11 Bl 05/05/94 CI 3 6.67 
12 Bl 05/05/94 C3 3 0.00 
13 B2 05/05/94 CO 3 12.67 
14 B2 05/05/94 CI 3 0.00 
15 B2 05/05/94 C3 3 0.00 
16 B3 05/05/94 CO 3 8.00 
17 B3 05/05/94 CI 3 15.00 
18 B3 05/05/94 C3 3 6.33 
19 Bl 05/12/94 CO 3 16.33 
20 Bl 05/12/94 CI 3 10.23 
21 Bl 05/12/94 C3 3 15.33 
22 B2 05/12/94 CO 3 13.00 
23 B2 05/12/94 CI 3 19.33 
24 B2 05/12/94 C3 3 0.00 
25 B3 05/12/94 CO 3 9.93 
26 B3 05/12/94 CI 3 13.00 
27 B3 05/12/94 C3 3 13.67 
Bl, B2, B3=Replications 
CO, CI, C3=No<oulter, Single offset bubble coulter and Triple offset fluted coulter treatment 
respectively 
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Table A.4 Emergence rate index and percent emergence for first planting 
period (April 29-May 12), Experiment 1, 1994 
No Block Planting 
date 
Coulter Frequency ERIF Emergence 
(%) 
1 Bl 04/29/94 CO 1 6.83 100.00 
2 Bl 04/29/94 CI 1 6.77 100.00 
3 Bl 04/29/94 C3 1 6.16 100.00 
4 B2 04/29/94 CO 1 6.84 81.00 
5 B2 04/29/94 CI 1 6.53 87.20 
6 B2 04/29/94 C3 1 6.13 81.90 
7 B3 04/29/94 CO 1 6.22 83.00 
8 B3 04/29/94 CI 1 5.60 88.50 
9 B3 04/29/94 C3 1 5.57 86.80 
10 Bl 05/05/94 CO 1 9.33 97.00 
11 Bl 05/05/94 CI 1 9.31 90.00 
12 Bl 05/05/94 C3 1 8.46 91.00 
13 B2 05/05/94 CO 1 9.18 100.00 
14 B2 05/05/94 CI 1 9.34 97.00 
15 B2 05/05/94 C3 1 8.33 100.00 
16 B3 05/05/94 CO 1 8.54 94.00 
17 B3 05/05/94 CI 1 8.69 100.00 
18 B3 05/05/94 C3 1 8.39 99.00 
19 Bl 05/12/94 CO 1 13.92 100.00 
20 Bl 05/12/94 CI 1 13.47 91.07 
21 Bl 05/12/94 C3 1 11.70 100.00 
22 B2 05/12/94 CO 1 13.30 88.10 
23 B2 05/12/94 CI 1 13.35 100.00 
24 B2 05/12/94 C3 1 11,85 98.30 
25 B3 05/12/94 CO 1 12.40 93.80 
26 B3 05/12/94 CI 1 13.39 96.40 
27 B3 05/12/94 C3 1 11.74 96.60 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
ERIF=Emergence rate index in field 
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Table A. 5 Penetration resistance at germination below seed level and in the sidewall 
for first planting period (April 29-May 12), Experiment 1, 1994 
No Block Planting Coulter Frequency VPR SPR 
date (kPa) (kPa) 
1 Bl 04/29/94 CO 3 461.2 492.6 
2 Bl 04/29/94 CI 3 649.7 283.0 
3 Bl 04/29/94 C3 3 387.8 167.7 
4 B2 04/29/94 CO 3 974.7 796.5 
5 B2 04/29/94 CI 3 807.0 555.4 
6 B2 04/29/94 C3 3 691.7 482.1 
7 B3 04/29/94 CO 3 1016.6 1131.9 
8 B3 04/29/94 CI 3 1781.6 1708.3 
9 B3 04/29/94 C3 3 1058.5 1100.4 
10 Bl 05/05/94 CO 3 429.7 681.2 
11 Bl 05/05/94 CI 3 681.2 555.4 
12 Bl 05/05/94 C3 3 607.8 492.6 
13 B2 05/05/94 CO 3 775.5 628.8 
14 B2 05/05/94 CI 3 660.2 754.6 
15 B2 05/05/94 C3 3 744.1 545.0 
16 B3 05/05/94 CO 3 712.7 744.1 
17 B3 05/05/94 CI 3 744.1 1131.9 
18 B3 05/05/94 C3 3 660.3 513.5 
19 Bl 05/12/94 CO 3 911.8 796.5 
20 Bl 05/12/94 CI 3 807.0 712.7 
21 Bl 05/12/94 C3 3 911.8 817.5 
22 B2 05/12/94 CO 3 890.8 964.2 
23 B2 05/12/94 CI 3 880.3 922.3 
24 B2 05/12/94 C3 3 953.7 796.5 
25 B3 05/12/94 CO 3 744.1 744.1 
26 B3 05/12/94 CI 3 1027.0 1467.2 
27 B3 05/12/94 C3 3 880.3 765.1 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
VPR=Vertical penetration resistance below seed level 
SPR=Sidewall penetration resistance 
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Table A. 6 Plant dry matter weight 42 days after planting for first planting period 
(April 29-May 12), Experiment 1, 1994 
No Block Planting 
date 
Coulter Frequency WTO 
(g) 
1 Bl 04/29/94 CO 1 9.60 
2 Bl 04/29/94 CI 1 9.82 
3 Bl 04/29/94 C3 1 7.18 
4 B2 04/29/94 CO 1 12.69 
5 B2 04/29/94 CI 1 8.35 
6 B2 04/29/94 C3 1 5.21 
7 B3 04/29/94 CO 1 6.32 
8 B3 04/29/94 CI 1 5.59 
9 B3 04/29/94 C3 1 2.09 
10 Bl 05/05/94 CO 1 19.11 
11 Bl 05/05/94 CI 1 19.38 
12 Bl 05/05/94 C3 1 14.48 
13 B2 05/05/94 CO 1 20.06 
14 B2 05/05/94 CI 1 18.72 
15 B2 05/05/94 C3 1 18.59 
16 B3 05/05/94 CO 1 15,64 
17 B3 05/05/94 CI 1 12.92 
18 B3 05/05/94 C3 1 9.84 
19 Bl 05/12/94 CO 1 31.70 
20 Bl 05/12/94 CI 1 32.31 
21 Bl 05/12/94 C3 1 20.71 
22 B2 05/12/94 CO 1 20.24 
23 B2 05/12/94 CI 1 21.76 
24 B2 05/12/94 C3 15.77 
25 B3 05/12/94 CO 1 18.49 
26 B3 05/12/94 CI 1 20.66 
27 B3 05/12/94 C3 1 12.10 
Bl, B2, B3=Replications 
C0,Cl,C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
WTO=Weight of one dry plant 
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Table A.7 Soil bulk density and moisture before planting for second 
planting period (June 6-July 7), Experiment 1, 1994 
No Block Planting 
date 
Depth Sample MC 
(%) 
BD 
Mg/m^) 
1 B1 06/06/94 D1 SI 27.39 1.09 
2 B1 06/06/94 D2 SI 34.59 1.29 
3 B1 06/06/94 D1 S2 27.95 1.00 
4 B1 06/06/94 D2 S2 34.31 1.25 
5 B1 06/06/94 D1 S3 27.27 0.94 
6 B1 06/06/94 D2 S3 33.64 1.22 
7 B2 06/06/94 D1 SI 27.57 1.08 
8 B2 06/06/94 D2 SI 33.10 1.31 
9 B2 06/06/94 D1 S2 26.47 1.17 
10 B2 06/06/94 D2 82 31.19 1.23 
11 B2 06/06/94 D1 S3 26.63 1.09 
12 B2 06/06/94 D2 S3 30.31 1.27 
13 B3 06/06/94 D1 SI 25.06 1.20 
14 B3 06/06/94 D2 SI 27.86 1.34 
15 B3 06/06/94 D1 S2 23.78 1.18 
16 33 06/06/94 D2 S2 26.27 1.41 
17 B3 06/06/94 D1 S3 23.50 1.10 
18 B3 06/06/94 D2 S3 29.79 1.21 
19 B1 06/08/94 D1 SI 33.54 1.05 
20 B1 06/08/94 D2 SI 35.99 1.16 
21 B1 06/08/94 D1 S2 32.85 0.87 
22 B1 06/08/94 D2 S2 37.88 1.26 
23 B1 06/08/94 D1 S3 32.76 1.05 
24 B1 06/08/94 D2 S3 34.46 1.26 
25 B2 06/08/94 D1 SI 29.74 1.15 
26 B2 06/08/94 D2 SI 31.24 1.26 
27 B2 06/08/94 D1 S2 31.01 1.09 
28 B2 06/08/94 D2 S2 32.45 1.27 
29 B2 06/08/94 D1 S3 29.78 1.03 
30 B2 06/08/94 D2 S3 32.14 1.24 
31 B3 06/08/94 D1 SI 26.79 1,13 
32 B3 06/08/94 D2 SI 27.97 1.33 
33 B3 06/08/94 D1 S2 22.15 1.13 
34 B3 06/08/94 D2 S2 23.14 1.23 
35 B3 06/08/94 D1 S3 19.89 1.43 
36 B3 06/08/94 D2 S3 22.01 1.48 
37 B1 07/07/94 D1 SI 27.05 1.04 
38 B1 07/07/94 D2 SI 33.63 1.23 
39 B1 07/07/94 D1 S2 30.72 0.99 
40 B1 07/07/94 D2 S2 34.63 1.21 
41 B1 07/07/94 D1 S3 28.08 1.03 
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Table A. 7 (Continued) 
No Block Planting 
date 
Depth Sample MC 
(%) 
BD 
Mg/m^) 
42 Bl 07/07/94 D2 S3 33.31 1.10 
43 B2 07/07/94 Dl SI 24.61 0.92 
44 B2 07/07/94 D2 SI 30.75 1.15 
45 B2 07/07/94 Dl S2 28,63 1.04 
46 B2 07/07/94 D2 S2 36.47 1.18 
47 B2 07/07/94 Dl S3 22.37 1.04 
48 B2 07/07/94 D2 S3 29.34 1.21 
49 B3 07/07/94 Dl SI 20.64 1.24 
50 B3 07/07/94 D2 SI 23.21 1.29 
51 B3 07/07/94 Dl S2 18.34 1.39 
52 B3 07/07/94 D2 S2 22.97 1.68 
53 B3 07/07/94 Dl S3 17.68 1.12 
54 B3 07/07/94 D2 S3 23.53 1.35 
Bl, B2, B3=Replications 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
SI, S2, S3=Sample number 
MC=Moisture content 
BD=Bulk density 
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Table A. 8 Soil bulk density and moisture at germination for second planting 
period (June 6-July 7), Experiment 1,1994 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
BD 
(MR/m') 
1 B1 06/06/94 CO D1 3 30.03 0.94 
2 81 06/06/94 CO D2 3 33.26 1.16 
3 B1 06/06/94 CI D1 3 28.60 0.92 
4 B1 06/06/94 CI D2 3 34.08 1.23 
5 B1 06/06/94 C3 D1 3 27.32 0.91 
6 B1 06/06/94 C3 D2 3 34.36 1.19 
7 B2 06/06/94 CO D1 3 26.89 0,97 
8 B2 06/06/94 CO D2 3 32.44 1.15 
9 B2 06/06/94 CI D1 3 27.24 0.91 
10 B2 06/06/94 CI D2 3 32.96 1.21 
11 B2 06/06/94 C3 D1 3 25.45 0.89 
12 B2 06/06/94 C3 D2 3 33.18 1.16 
13 B3 06/06/94 CO D1 3 21.51 1.12 
14 B3 06/06/94 CO D2 3 25.10 1.27 
15 B3 06/06/94 CI D1 3 21.26 1.07 
16 B3 06/06/94 CI D2 3 27.34 1.27 
17 B3 06/06/94 C3 D1 3 21.18 0.93 
18 B3 06/06/94 C3 D2 3 27.96 1.10 
19 B1 06/08/94 CO D1 3 37.27 0.92 
20 B1 06/08/94 CO D2 3 24.53 1.13 
21 B1 06/08/94 CI D1 3 30.80 1.04 
22 B1 06/08/94 CI D2 3 32.95 1.19 
23 B1 06/08/94 C3 D1 3 24.65 0.87 
24 B1 06/08/94 C3 D2 3 33.16 1.24 
25 B2 06/08/94 CO D1 3 22.73 0.99 
26 B2 06/08/94 CO D2 3 29.83 1.23 
27 B2 06/08/94 CI D1 3 25.94 1.06 
28 B2 06/08/94 CI D2 3 31.00 1.24 
29 B2 06/08/94 C3 D1 3 23.49 0,96 
30 B2 06/08/94 C3 D2 3 32.63 1,06 
31 B3 06/08/94 CO D1 3 17.44 1,17 
32 B3 06/08/94 CO D2 3 20.68 1,43 
33 B3 06/08/94 CI D1 3 18.30 1,29 
34 B3 06/08/94 CI D2 3 20.65 1,45 
35 B3 06/08/94 C3 D1 3 14.54 1,17 
36 B3 06/08/94 C3 D2 3 21.05 1,40 
37 B1 07/07/94 CO D1 3 21.94 0,91 
38 B1 07/07/94 CO D2 3 23.19 1,05 
39 B1 07/07/94 CI D1 3 22.41 0,93 
40 B1 07/07/94 CI D2 3 33.87 1,16 
41 B1 07/07/94 C3 D1 3 23.20 0,91 
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Table A. 8 (Continued) 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
BD 
(Mg/m') 
42 Bl 07/07/94 C3 D2 3 33.26 1.25 
43 B2 07/07/94 CO Dl 3 25.14 0.98 
44 B2 07/07/94 CO D2 3 32.98 1.19 
45 B2 07/07/94 Ci Dl 3 23.15 1.01 
46 32 07/07/94 Ci D2 3 33.49 1.21 
47 B2 07/07/94 C3 Dl 3 24.62 0.91 
48 B2 07/07/94 C3 D2 3 34.60 1.28 
49 B3 07/07/94 CO Dl 3 17.58 1.05 
50 B3 07/07/94 CO D2 3 24.12 1.26 
51 B3 07/07/94 CI Dl 3 17.78 1.09 
52 B3 07/07/94 CI D2 3 22.70 1.36 
53 B3 07/07/94 C3 Dl 3 16.53 1.09 
54 B3 07/07/94 C3 D2 3 23.72 1.21 
Bl, B2, B3=Replications 
CO, Ci, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter respectively 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
MC=Moisture content 
BD=Bulk density 
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Table A. 9 Air permeability at planting for second planting period (June 6-July 7), 
Experiment 1, 1994 
No Block Planting 
date 
Coulter Frequency Permeab. 
(x E-11 m^) 
1 Bl 06/06/94 CO 3 1.68 
2 Bl 06/06/94 CI 3 5.27 
3 Bl 06/06/94 C3 3 8.29 
4 B2 06/06/94 CO 3 2.04 
5 B2 06/06/94 CI 3 7.30 
6 B2 06/06/94 C3 3 10.57 
7 B3 06/06/94 CO 3 1.68 
8 B3 06/06/94 CI 3 2.93 
9 B3 06/06/94 C3 3 4.50 
10 Bl 06/08/94 CO 3 2.67 
11 Bl 06/08/94 CI 3 4.98 
12 Bl 06/08/94 C3 3 8.00 
13 B2 06/08/94 CO 3 1.23 
14 B2 06/08/94 CI 3 2.15 
15 B2 06/08/94 C3 3 4.12 
16 B3 06/08/94 CO 3 1.06 
17 B3 06/08/94 CI 3 1.39 
18 B3 06/08/94 C3 3 2.10 
19 Bl 07/07/94 CO 3 8.94 
20 Bl 07/07/94 CI 3 17.04 
21 Bl 07/07/94 C3 3 66.54 
22 B2 07/07/94 CO 3 7.30 
23 B2 07/07/94 CI 3 12.64 
24 B2 07/07/94 C3 3 17.28 
25 B3 07/07/94 CO 3 6.15 
26 B3 07/07/94 CI 3 8.84 
27 B3 07/07/94 C3 3 16.32 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
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Table A. 10 Emergence rate index and percent emergence for second planting 
period (June 6-July 7), Experiment 1, 1994 
No Block Planting 
date 
Coulter Frequency ERIE Emergence 
(%) 
1 Bl 06/06/94 CO 1 16.56 100.00 
2 Bl 06/06/94 CI 1 16.37 100.00 
3 Bl 06/06/94 C3 1 15.25 100.00 
4 B2 06/06/94 CO 1 16.59 84.89 
5 B2 06/06/94 CI 1 16.73 90.11 
6 B2 06/06/94 C3 1 15.65 90.26 
7 B3 06/06/94 CO 1 16.73 81.25 
8 B3 06/06/94 CI 1 17.53 88.37 
9 B3 06/06/94 C3 1 14.98 75.90 
10 Bl 06/08/94 CO 1 15.75 96.95 
11 Bl 06/08/94 CI 1 16.52 100.00 
12 Bl 06/08/94 C3 1 14.78 90.00 
13 B2 06/08/94 CO 1 15.99 98.17 
14 B2 06/08/94 CI 1 16.60 96.03 
15 B2 06/08/94 C3 1 16.29 98.24 
16 B3 06/08/94 CO 1 16.49 100.00 
17 B3 06/08/94 CI 1 16.27 95.36 
18 B3 06/08/94 C3 1 14.43 100.00 
19 Bl 07/07/94 CO 1 21.63 100.00 
20 Bl 07/07/94 CI 1 22.23 100.00 
21 Bl 07/07/94 C3 1 20.51 98.94 
22 B2 07/07/94 CO 1 21.42 97.67 
23 B2 07/07/94 CI 1 22.35 87.96 
24 B2 07/07/94 C3 1 20.22 93.62 
25 B3 07/07/94 CO 1 19.54 90.11 
26 B3 07/07/94 CI 1 22.18 92.67 
27 B3 07/07/94 C3 1 20.28 100.00 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
ERIF=Emergence rate index in field 
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Table A. 11 Penetration resistance at germination below seed level and in 
the sidewall for second planting period (June 6-July 7), 
Experiment 1, 1994 
No Block Planting Coulter Frequency VPR SPR 
date (kPa) (kPa) 
1 Bl 06/06/94 CO 3 944.43 829.01 
2 Bl 06/06/94 CI 3 1164.80 1017.89 
3 Bl 06/06/94 C3 3 902.45 650.62 
4 B2 06/06/94 CO 3 1301.21 776.52 
5 B2 06/06/94 CI 3 1458.60 986.37 
6 B2 06/06/94 C3 3 1133.30 598.13 
7 B3 06/06/94 CO 3 1185.77 1217.26 
8 B3 06/06/94 CI 3 1374.68 1385.16 
9 B3 06/06/94 C3 3 891.96 881.48 
10 Bl 06/08/94 CO 3 818.50 598.13 
11 Bl 06/08/94 CI 3 881.48 787.04 
12 Bl 06/08/94 C3 3 661.11 440.74 
13 B2 06/08/94 CO 3 881.48 818.50 
14 B2 06/08/94 CI 3 1028.35 1080.84 
15 B2 06/08/94 C3 3 598.13 346.30 
16 B3 06/08/94 CO 3 1238.26 1720.95 
17 B3 06/08/94 CI 3 1301.21 1951.80 
18 B3 06/08/94 C3 3 787.04 787.04 
19 Bl 07/07/94 CO 3 1154.28 797.52 
20 Bl 07/07/94 CI 3 1238.23 881.48 
21 Bl 07/07/94 C3 3 1017.86 692.57 
22 B2 07/07/94 CO 3 1164.80 881.48 
23 B2 07/07/94 CI 3 1259.23 1091.33 
24 B2 07/07/94 C3 3 986.40 797.52 
25 B3 07/07/94 CO 3 1448.15 1227.74 
26 B3 07/07/94 CI 3 1668.52 1437.63 
27 B3 07/07/94 C3 3 1164.80 1112.33 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
VPR=Vertical penetration resistance below seed level 
SPR=Sidewall penetration resistance 
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Table A. 12 Plant dry matter weight 42 days after planting for second planting 
period (June 6-July 7), Experiment 1, 1994 
No Block Planting 
date 
Coulter Frequency WTO 
(g) 
1 Bl 06/06/94 CO 1 28.44 
2 Bl 06/06/94 CI 1 24.07 
3 Bl 06/06/94 C3 1 24.19 
4 B2 06/06/94 CO 1 40.78 
5 B2 06/06/94 CI 1 35.12 
6 B2 06/06/94 C3 1 26.61 
7 B3 06/06/94 CO 1 30.26 
8 B3 06/06/94 CI 1 29.71 
9 B3 06/06/94 C3 1 25.05 
10 Bl 06/08/94 CO 1 34.70 
11 Bl 06/08/94 CI 1 33.20 
12 Bl 06/08/94 C3 1 24.44 
13 B2 06/08/94 CO 1 32.38 
14 B2 06/08/94 CI I 29.98 
15 B2 06/08/94 C3 1 25.22 
16 B3 06/08/94 CO 1 20.96 
17 B3 06/08/94 CI 1 16.06 
18 B3 06/08/94 C3 1 14.97 
19 Bl 07/07/94 CO 1 31.24 
20 Bl 07/07/94 CI 1 34.20 
21 Bl 07/07/94 C3 1 25.29 
22 B2 07/07/94 CO 1 42.78 
23 B2 07/07/94 CI 1 60.41 
24 B2 07/07/94 C3 1 23.94 
25 B3 07/07/94 CO 1 35.71 
26 B3 07/07/94 CI 1 46.94 
27 B3 07/07/94 C3 1 21.52 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
WTO=Weight of one dry plant 
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Table A. 13 Soil bulk density and moisture before planting for third planting 
period (July 15-Aug. 11), Experiment 1, 1994 
No Block Planting 
date 
Depth Sample MC 
(%) 
BD 
(M«/m^) 
1 B1 7/15/94 D1 SI 29.91 0.95 
2 HI 7/15/94 D1 S2 30.77 0.83 
3 B1 7/15/94 D1 S3 30.89 0.90 
4 B1 7/15/94 D2 SI 33.97 1.15 
5 B1 7/15/94 D2 S2 36.70 1.20 
6 B1 7/15/94 D2 S3 33.99 1.14 
7 B2 7/15/94 D1 SI 30.52 1,13 
8 B2 7/15/94 D1 S2 27.79 1,20 
9 B2 7/15/94 D1 S3 29.60 0,93 
10 B2 7/15/94 D2 SI 33.16 1.17 
11 B2 7/15/94 D2 S2 34.14 1.22 
12 B2 7/15/94 D2 S3 33.13 1.22 
13 B3 7/15/94 D1 SI 27.01 1.02 
14 B3 7/15/94 D1 S2 27.62 1.01 
15 B3 7/15/94 D1 S3 26.79 1.14 
16 B3 7/15/94 D2 SI 28.71 1.28 
17 B3 7/15/94 D2 S2 28.30 1.29 
18 B3 7/15/94 D2 S3 28.50 1.29 
19 B1 7/22/94 D1 SI 30.24 0,94 
20 B1 7/22/94 D1 S2 25.23 0,98 
21 B1 7/22/94 D1 S3 25.98 0.98 
22 B1 7/22/94 D2 SI 37.23 1.14 
23 B1 7/22/94 D2 S2 36.36 1.11 
24 B1 7/22/94 D2 S3 35.50 1.29 
25 B2 7/22/94 D1 SI 24.59 1.00 
26 B2 7/22/94 D1 S2 25.15 1.04 
27 B2 7/22/94 DI S3 23.58 0.98 
28 B2 7/22/94 D2 SI 28.75 1.36 
29 B2 7/22/94 D2 S2 32.95 1.16 
30 B2 7/22/94 D2 S3 31,76 1.14 
31 B3 7/22/94 Dl SI 21.04 1.08 
32 B3 7/22/94 Dl S2 14.11 1.13 
33 B3 7/22/94 Dl S3 14.97 1.20 
34 B3 7/22/94 D2 SI 22.75 1.29 
35 B3 7/22/94 D2 S2 19.98 1.34 
36 B3 7/22/94 D2 S3 19.10 1.40 
37 B1 8/11/94 Dl SI 32.73 0.90 
38 B1 8/11/94 Dl S2 32.52 1.15 
39 B1 8/11/94 Dl S3 31.34 1.04 
40 B1 8/11/94 D2 SI 35,28 1,24 
41 B1 8/11/94 D2 S2 35.98 1.23 
42 B1 8/11/94 D2 S3 33.66 1,24 
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Table A. 13 (Continued) 
No Block Planting 
date 
Depth Sample MC 
(%) 
BD 
(Mg/m') 
43 82 8/11/94 Dl SI 31.20 1.18 
44 B2 8/11/94 Dl S2 31.14 1.13 
45 B2 8/11/94 Dl S3 29.45 0.98 
46 B2 8/11/94 D2 SI 33.73 1.21 
47 B2 8/11/94 D2 S2 33.15 1.22 
48 B2 8/11/94 D2 S3 30.96 1.21 
49 B3 8/11/94 Dl 81 24.62 1.20 
50 B3 8/11/94 Dl S2 22.04 1.20 
51 B3 8/11/94 Dl S3 21.96 1.21 
52 B3 8/11/94 D2 SI 26.32 1.28 
53 B3 8/11/94 D2 S2 23.38 1.23 
54 B3 8/11/94 D2 S3 22.89 1.25 
Bl, B2, B3=Replications 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
SI, S2, S3=Sample number 
MC=Moisture content 
BD=Bulk density 
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Table A. 14 Soil bulk density and moisture at germination for third planting 
period (July 15-Aug. 11), Experiment 1, 1994 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
BD 
(Mg/m^) 
1 B1 07/15/94 CO D1 3 26.39 0.86 
2 B1 07/15/94 CO D2 3 34.33 1.08 
3 B1 07/15/94 CI D1 3 28.12 0,93 
4 B1 07/15/94 CI D2 3 34.45 1.20 
5 B1 07/15/94 C3 D1 3 24.52 0.94 
6 B1 07/15/94 C3 D2 3 34.15 1.19 
7 B2 07/15/94 CO D1 3 24.28 0.93 
8 B2 07/15/94 CO D2 3 33.88 1.08 
9 B2 07/15/94 CI D1 3 26.47 0.92 
10 B2 07/15/94 CI D2 3 33.45 1.25 
11 B2 07/15/94 C3 D1 3 22.09 0.83 
12 B2 07/15/94 C3 D2 3 32.95 1.17 
13 B3 07/15/94 CO D1 3 23.50 0.95 
14 B3 07/15/94 CO D2 3 27.90 1.24 
15 B3 07/15/94 CI D1 3 22.53 0.99 
16 B3 07/15/94 CI D2 3 27.78 1.23 
17 B3 07/15/94 C3 D1 3 17.70 0.95 
18 B3 07/15/94 C3 D2 3 29.23 1.11 
19 B1 07/22/94 CO D1 3 20.44 1.00 
20 B1 07/22/94 CO D2 3 34.53 1.16 
21 B1 07/22/94 CI D1 3 24.18 0.88 
22 B1 07/22/94 CI D2 3 35.01 1.15 
23 El 07/22/94 C3 D1 3 20.91 0.89 
24 B1 07/22/94 C3 D2 3 34.52 1.07 
25 B2 07/22/94 CO D1 3 19.75 0.99 
26 B2 07/22/94 CO D2 3 32.24 1.20 
27 B2 07/22/94 CI D1 3 20.68 0.96 
28 B2 07/22/94 CI D2 3 30.90 1.27 
29 B2 07/22/94 C3 D1 3 22.08 0.96 
30 B2 07/22/94 C3 D2 3 31.56 1,15 
31 B3 07/22/94 CO D1 3 14.90 1.23 
32 B3 07/22/94 CO D2 3 20.51 1,48 
33 B3 07/22/94 CI D1 3 12.66 1,01 
34 B3 07/22/94 CI D2 3 20.18 1,40 
35 B3 07/22/94 C3 D1 3 12.77 1,07 
36 B3 07/22/94 C3 D2 3 22.33 1,44 
37 B1 08/11/94 CO D1 3 27.40 0.98 
38 B1 08/11/94 CO D2 3 32.12 1.07 
39 B1 08/11/94 CI D1 3 26.09 0.98 
40 B1 08/11/94 CI D2 3 31.68 1,23 
41 B1 08/11/94 C3 D1 3 28.14 0.92 
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Table A. 14 (Continued) 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
ED 
(Mg/m') 
42 Bl 08/11/94 C3 D2 3 32.65 1.17 
43 B2 08/11/94 CO Dl 3 25.57 1.00 
44 B2 08/11/94 CO D2 3 31.70 1.24 
45 B2 08/11/94 CI Dl 3 25.04 1.12 
46 B2 08/11/94 CI D2 3 32.00 1.30 
47 B2 08/11/94 C3 Dl 3 25.76 1.04 
48 B2 08/11/94 C3 D2 3 32.42 1.29 
49 B3 08/11/94 CO Dl 3 17.11 1.18 
50 B3 08/11/94 CO D2 3 22.81 1.32 
51 B3 08/11/94 CI Dl 3 18.46 1.22 
52 B3 08/11/94 CI D2 3 23.12 1.38 
53 B3 08/11/94 C3 Dl 3 16.97 1.03 
54 B3 08/11/94 C3 D2 3 23.56 1.25 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
Dl, D2, D3=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
MC=Moisture content 
BD=Bulk density 
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Table A. 15. Air permeability at planting for third planting period 
(July 15-Aug. 11), Experiment 1, 1994 
No Block Planting 
date 
Coulter Frequency Permeability 
(xE-11 m^) 
1 Bl 07/15/94 CO 3 5.15 
2 Bl 07/15/94 CI 3 10.91 
3 Bl 07/15/94 C3 3 20.30 
4 B2 07/15/94 CO 3 3.36 
5 B2 07/15/94 CI 3 3.44 
6 B2 07/15/94 C3 3 25.17 
7 B3 07/15/94 CO 3 4.07 
8 B3 07/15/94 CI 3 3.36 
9 B3 07/15/94 C3 3 21.23 
10 Bl 07/22/94 CO 3 6.25 
11 Bl 07/22/94 CI 3 8.56 
12 Bl 07/22/94 C3 3 19.94 
13 B2 07/22/94 CO 3 3.07 
14 B2 07/22/94 CI 3 4.59 
15 B2 07/22/94 C3 3 11.34 
16 B3 07/22/94 CO 3 3.16 
17 B3 07/22/94 CI 3 4.02 
18 B3 07/22/94 C3 3 6.65 
19 Bl 08/11/94 CO 3 4.63 
20 Bl 08/11/94 CI 3 5.94 
21 Bl 08/11/94 C3 3 22.32 
22 B2 08/11/94 CO 3 3.69 
23 B2 08/11/94 CI 3 7.58 
24 B2 08/11/94 C3 3 16.75 
25 B3 08/11/94 CO 3 3.83 
26 B3 08/11/94 CI 3 4.15 
27 B3 08/11/94 C3 3 9.35 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter respectively 
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Table A. 16. Emergence rate index and percent emergence for third planting period 
(July 15-Aug. 11), Experiment 1, 1994 
No Block Planting 
date 
Coulter Frequency ERIF Emergence 
(%) 
1 Bl 07/15/94 CO 1 23.41 100.00 
2 Bl 07/15/94 CI 1 24.53 94.60 
3 Bl 07/15/94 C3 1 21.84 100.00 
4 B2 07/15/94 CO 1 22.80 83.94 
5 B2 07/15/94 CI 1 24.63 90.20 
6 B2 07/15/94 C3 1 21.01 90.20 
7 B3 07/15/94 CO 1 21.55 89.44 
8 B3 07/15/94 CI 1 24.14 100.00 
9 B3 07/15/94 C3 1 21.71 97.40 
10 Bl 07/22/94 CO 1 23.31 100.00 
11 Bl 07/22/94 CI 1 23.61 96.57 
12 Bl 07/22/94 C3 1 21.45 94.09 
13 B2 07/22/94 CO 1 21.52 82.12 
14 B2 07/22/94 CI 1 22.60 100.00 
15 B2 07/22/94 C3 1 20.81 98.92 
16 B3 07/22/94 CO 1 19.75 75.98 
17 B3 07/22/94 CI 1 21.86 81.71 
18 B3 07/22/94 C3 1 21.41 100.00 
19 Bl 08/11/94 CO 1 20.12 97.60 
20 Bl 08/11/94 CI 1 22.14 100.00 
21 Bl 08/11/94 C3 1 19.97 100.00 
22 B2 08/11/94 CO 1 20.32 100.00 
23 B2 08/11/94 CI 1 22.05 98.76 
24 B2 08/11/94 C3 1 19.79 86.28 
25 B3 08/11/94 CO 1 18.23 71.86 
26 B3 08/11/94 CI 1 18.60 66.50 
27 B3 08/11/94 C3 1 18.89 84.00 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coultet, and Triple offset fluted coulter respectively 
ERIF=Emergence rate index in field 
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Table A. 17 Penetration resistance at germination below seed level and in the sidewall 
for third planting period (July 15-Aug. 11), Experiment 1, 1994 
No Block Planting 
date 
Coulter Frequency VPR 
(kPa) 
SPR 
(kPa) 
1 Bl 07/15/94 CO 3 975.88 703.08 
2 Bl 07/15/94 CI 3 1080.81 776.52 
3 Bl 07/15/94 C3 3 881.48 367.30 
4 B2 07/15/94 CO 3 965.40 734.58 
5 B2 07/15/94 CI 3 986.40 870.99 
6 B2 07/15/94 C3 3 933.94 335.78 
7 B3 07/15/94 CO 3 1049.35 849.99 
8 B3 07/15/94 CI 3 1374.68 1059.84 
9 B3 07/15/94 C3 3 818.50 419.77 
10 Bl 07/22/94 CO 3 1017.89 797.49 
11 Bl 07/22/94 CI 3 1112.33 745.06 
12 Bl 07/22/94 C3 3 566.64 535.18 
13 B2 07/22/94 CO 3 965.40 944.43 
14 B2 07/22/94 CI 3 1101.81 1269.72 
15 B2 07/22/94 C3 3 860.47 734.58 
16 B3 07/22/94 CO 3 1427.11 1154.31 
17 B3 07/22/94 CI 3 1553.07 1720.95 
18 B3 07/22/94 C3 3 1311.70 755.58 
19 Bl 08/11/94 CO 3 828.98 755.55 
20 Bl 08/11/94 CI 3 1038.87 1101.85 
21 Bl 08/11/94 C3 3 870.96 577.12 
22 B2 08/11/94 CO 3 965.43 650.62 
23 B2 08/11/94 CI 3 1101.85 1101.81 
24 B2 08/11/94 C3 3 745.06 503,69 
25 B3 08/11/94 CO 3 1049.38 944.43 
26 B3 08/11/94 CI 3 1301.21 1238.23 
27 B3 08/11/94 C3 3 1017.86 912.94 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
VPR=Venical penetration resistance below seed level 
SPR=Sidewall penetration resistance 
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Table A. 18 Plant dry matter weight 42 days after planting for third planting 
period (July 15-Aug. 11), Experiment 1, 1994 
No Block Planting 
date 
Coulter Frequency WTO 
(g) 
1 Bl 07/15/94 CO 1 24.96 
2 Bl 07/15/94 CI 1 27.36 
3 Bl 07/15/94 C3 1 25.46 
4 B2 07/15/94 CO 1 32.46 
5 B2 07/15/94 CI 1 27.61 
6 B2 07/15/94 C3 1 19.78 
7 B3 07/15/94 CO 1 20.71 
8 B3 07/15/94 CI 1 22.51 
9 B3 07/15/94 C3 1 22.00 
10 Bl 07/22/94 CO 1 22.40 
11 Bl 07/22/94 CI 1 21.84 
12 Bl 07/22/94 C3 1 19.22 
13 B2 07/22/94 CO 1 24.20 
14 B2 07/22/94 CI 1 23.20 
15 B2 07/22/94 C3 1 17.88 
16 B3 07/22/94 CO 1 17.40 
17 B3 07/22/94 CI 1 14.60 
18 B3 07/22/94 C3 1 12.20 
19 Bl 08/11/94 CO 1 21.60 
20 Bl 08/11/94 CI 1 20.00 
21 Bl 08/11/94 C3 1 18.80 
22 B2 08/11/94 CO 1 22.10 
23 B2 08/11/94 CI 1 20.90 
24 B2 08/11/94 C3 1 17.50 
25 B3 08/11/94 CO 1 17.10 
26 B3 08/11/94 CI 1 14.32 
27 B3 08/11/94 C3 1 11.90 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
WTO=Weight of one diy plant 
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Table A. 19 Seed depth for second planting period (June 6-July 7) 
Experiment 1, 1994 
No Block Planting Coulter Frequency Seed depth 
depth (mm) 
1 Bl 06/06/94 CO 5 40.6 
2 Bl 06/06/94 CI 5 43.2 
3 Bl 06/06/94 C3 5 60.0 
4 B2 06/06/94 CO 5 43.2 
5 B2 06/06/94 CI 5 43.8 
6 B2 06/06/94 C3 5 59.0 
7 B3 06/06/94 CO 5 40.2 
8 B3 06/06/94 CI 5 42.4 
9 B3 06/06/94 C3 5 60.2 
10 Bl 06/08/94 CO 5 44.2 
11 Bl 06/08/94 CI 5 45.8 
12 Bl 06/08/94 C3 5 58.4 
13 B2 06/08/94 CO 5 45.8 
14 B2 06/08/94 CI 5 45.0 
15 B2 06/08/94 C3 5 61.6 
16 B3 06/08/94 CO 5 44.0 
17 B3 06/08/94 CI 5 44.4 
18 B3 06/08/94 C3 5 58.6 
19 Bl 07/07/94 CO 5 44.4 
20 Bl 07/07/94 CI 5 45.2 
21 BI 07/07/94 C3 5 59.0 
22 B2 07/07/94 CO 5 43.6 
23 B2 07/07/94 CI 5 45.0 
24 82 07/07/94 C3 5 60.0 
25 B3 07/07/94 CO 5 43.2 
26 B3 07/07/94 CI 5 42.6 
27 B3 07/07/94 C3 5 61.2 
BI, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter 
respectively 
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Table A.20 Seed depth for third planting period (July 15-Aug II) 
Experiment 1, 1994 
No Block Planting 
date 
Coulter Frequency Seed depth 
(mm) 
1 Bl 07/15/94 CO 5 40.0 
2 Bl 07/15/94 CI 5 42.8 
3 Bl 07/15/94 C3 5 59.6 
4 B2 07/15/94 CO 5 43.2 
5 B2 07/15/94 CI 5 45.4 
6 B2 07/15/94 C3 5 59.0 
7 B3 07/15/94 CO 5 39.6 
8 B3 07/15/94 CI 5 41.0 
9 B3 07/15/94 C3 5 61.0 
10 Bl 07/22/94 CO 5 41.0 
11 Bl 07/22/94 CI 5 40.6 
12 Bl 07/22/94 C3 5 56.4 
13 B2 07/22/94 CO 5 44.8 
14 B2 07/22/94 CI 5 45.2 
15 B2 07/22/94 C3 5 59.2 
16 B3 07/22/94 CO 5 43.0 
17 B3 07/22/94 CI 5 41.0 
18 B3 07/22/94 C3 5 58.0 
19 Bl 08/11/94 CO 5 44.0 
20 Bl 08/11/94 CI 5 46.4 
21 Bl 08/11/94 C3 5 59.0 
22 B2 08/11/94 CO 5 45.8 
23 B2 08/11/94 CI 5 45.0 
24 B2 08/11/94 C3 5 63.4 
25 B3 08/11/94 CO 5 44.2 
26 B3 08/11/94 CI 5 44.6 
27 B3 08/11/94 C3 5 58.0 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter 
respectively 
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Table A.21 Analysis of variance of soil moisture and bulk density before planting com for 
first planting period (April 29- May 12), Experiment 1, 1994 
Depth 1 1 1 1 
1 1 
.. .p.. 
Soil moisture [ 
t  
Bulk density 
(mm) 
1 t 
1 Source [ 
1 
DF F j DF F 
0-50 |B 1 
1 
2 - 1 2 
I P D  i  
1 1 
2 20.68 • 1 
1 
2 < 1 
1 1 
1 Error j 
1 
4 - ! 4 
1 Corrected ! 
1 total 1 
1 Source 
8 - 1 
1 
1 
DF F 1 
8 
DF F 
h- "h" 
50-100 B 1 
I 
PD ! 
I 
Error ! 
I 
Corrected j 
total 1 
2 
2 
4 
8 
3.98 
2 
2 
4 
8 
1.84 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table A.22 Analysis of variance of soil moisture and bulk density at com emergence for 
first planting period (April 29- May 12), Experiment 1, 1994 
Depth 
(mm) Source 
Soil moisture 
DF 
Bulk density 
DF 
0-50 
50-100 
B I 2 
PD 1 2 
Error(l) j 4 
C 1 2 
PD»C 1 4 
Error(2) \ 12 
Corrected ' 26 
total I 
Source [ DF 
B 1 2 
PD 1 2 
Error(l) 1 4 
C 1 2 
PD*C 1 4 
Error(2) J 12 
Corrected i 26 
total 1 
17.45 • 
14.13 ** 
3.0 * 
F 
-h-
2.6 
7.71 ** 
1.36 
2 
2 
4 
2 
4 
12 
26 
DF 
2 
2 
4 
2 
4 
12 
26 
3.2 
20.84 *• 
1.39 
1.53 
7.01 ** 
< 1 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table A. 23 Analysis of variance of of air permeability and com emergence for 
first planting period (April 29- May 12), Experiment 1, 1994 
1 
1 
1 
Source ' 
j 
1 
DF 
1 •' 
j Air permab. 
1 
1 
1 
1 Emergence 
1 ERI Percent 1 1 
1 
F-test 
1 
B 1 
1 
2 
1 
1 
1 
1 
-
PD 1 2 1 4.21 1 2685 ** 1.06 
Error(l) ] 4 
1 
1 
1 
1 
1 -
c 1 2 ! <1 ] 27.26 ** < 1 
PD*C ] 4 j 2.68 ] 4.01 * < 1 
Error (2) i 12 
1 
1 
1 
1 
-
Corrected total ] 26 1 1 1 -
Table A.24 Analysis of variance of soil penetration resistance at com emergence and plant 
dry matter 42DAP for first planting period (April 29- May 12), 
Experiment 1, 1994 
Source DF 
Soil penetration resistance Dry matter 
Below seed In sidewall (42 DAP) 
B 2 - - -
PD 2 < 1 < 1 18.1 ** 
Error(l) 4 - - -
C 2 3.65 * 9.61 ** 30.9 ** 
PD*C 4 2.53 * < 1 3.4 * 
Error (2) 12 - - -
Corrected total 26 
- - -
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table A.25 Analysis of variance of soil moisture and bulk density before planting com for 
second planting period (June 6 - July 7), Experiment 1, 1994 
Soil moisture Bulk density 
Source DF DF 
B ! 
I 
PD 1 
I 
Error [ 
I 
Corrected ! 
total I 
2 
2 
4 
8 
9.62 
2 
2 
4 
8 
< 1 
Source 
B 
PD 
Error 
Corrected 
total 
-+•-
- -H-
I 
I 
DF 
2 
2 
4 
8 
1.67 
DF 
2 
2 
4 
8 
< 1 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
223 
Table A. 26 Analysis of variance of soil moisture and bulk density at com emergence for 
second planting period (June 6 - July 7), Experiment 1, 1994 
Depth 
(mm) Source 
Soil moisture 
DF 
Bulk density 
DF 
0-50 
50-100 
B i 2 
PD 1 2 
Error(l) 1 4 
I 
C 1 2 
PD*C 1 4 
Error(2) ] 12 
I 
Corrected 1 26 
total I 
1 
Source j DF 
i— 
B I 2 
PD 1 2 
Error(l) 1 4 
C ! 2 
PD*C ! 4 
Error(2) | 12 
Corrected i 26 
total ! 
2 
1.87 1 2 
4 
1.94 1 2 
0.97 i 4 
12 
26 
4.01 
10.72 ** 
4.48 ** 
4.8 
3 . 4 *  
< 1 
DF 
2 
2 
4 
2 
4 
12 
26 
< 1 
2.47 
1.19 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table A.27 Analysis of variance of of air permeability and com emergence for 
second planting period (June 6 - July 7), Experiment 1, 1994 
1  
Source i 
1  
1  
1  
DF 
I  -  1  
' Air permab. ' 
1  1  
1  1  
1  1  
1  
Emergence 
1 ERJ Percent 
1  
1  
1  
1  
F - t e s t  
1  
B ' 
1  
2  
1  1  
1  
1  
 
1  
1  
-
PD j 2  !  5 . 4 4  1  2 3 6 . 6 8  * *  1 . 4 2  
Error(l) ] 4  
1  1  
1  -  1  
1  1  
 
-
c  1  2  1  4 1 5  *  '  1 "t. 1^ 1 1  1 7 . 4 6 * *  <  1  
PD*C 1 4  ;  1 . 7 2  i  < '  <  1  
Error ( 2 )  "  1 2  
1  
1  
j  
1  
1  
1  
-
Corrected total ! 2 6  1  1  _ 
Table A. 28 Analysis of variance of soil penetration resistance at corm emergence and plant 
dry matter 42 DAP for second planting period (June 6 - July 7), 
Experiment 1, 1994 
Source DF 
Soil penetration resistance Dry matter 
Below seed In sidewall (42 DAP) 
B 2 -
PD 2 5.35 < 1 2.93 
Error(l) 4 
- -
-
C 2 47.94 ** 27.17** 15.65 ** 
PD*C 4 < 1 2.79 4.73 
Error (2) 12 - - -
Corrected total 26 
- -
-
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table A. 29 Analysis of variance of soil moisture and bulk density before planting com for 
third planting period (July 15 -Aug. 11), Experiment 1,1994 
Soil moisture Bulk density 
Source DF DF 
B 
PD 
Error 
Corrected 
total 
2 
2 
4 
8 
22.23 
2 
2 
4 
8 
3.5 
--1- --h-
Source 
B 
PD 
Error 
Corrected 
total 
DF 
2 
2 
4 
8 
4.02 
DF 
2 
2 
4 
8 
< 1 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table A. 30 Analysis of variance of soil moisture and bulk density at com emergence for 
third planting period (July 15 -Aug. 11), Experiment 1, 1994 
Depth 
(mm) Source 
Soil moisture 
DF 
Bulk density 
DF 
0-50 
50-100 
B I 2 
PD 1 2 
Error(l) | 4 
I 
C 1 2 
PD*C 1 4 
Error(2) J 12 
I 
Corrected i 26 
total I 
Source [ DF 
B 1 2 
PD ! 2 
Error(l) 1 4 
C 1 2 
PD*C ! 4 
Error(2) 1 12 
Corrected i 26 
total ! 
11.38* 
2.76* 
2.92 * 
-f--
F 
2.02 
1.3 
< 1 
2 
2 
4 
2 
4 
12 
26 
DF 
2 
2 
4 
2 
4 
12 
26 
8.61 » 
2.98 * 
3.07 * 
1.15 
6.36 »* 
1.67 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table A. 31 Analysis of variance of of air permeability and com emergence for 
third planting period (July 15 -Aug. 11), Experiment 1, 1994 
1 
1 
Source ' 
1 
1 
DF 
- 1 - —r 
j Air permab. ' 
1 1 
1 1 
Emergence 
ERI Percent 
1 
1 
1 
F-test 
1 
B ' 
1 
2 
1 1 
1 . 1 
1 1 
- -
PD 1 2 1 ! 21.04 ** < 1 
Error(l) [ 4 
1 1 
1 _ 1 
1 1 - -
i 2 1 43.3 ** j 16.02 ** 1.24 
PD*c ; 4 ] 2.27 J 1.03 < 1 
Error (2) ' 12 1 . 1 
1 i 
- -
Corrected total [ 26 1 . 1 i 1 - -
Table A.32 Analysis of variance of soil penetration resistance at corm emergence and plant 
dry matter 42 DAP for third planting period (July 15 -Aug. 11), 
Experiment 1, 1994 
Source DF 
Soil penetration resistance 
I' 
[ Dry matter 
Below seed In sidewall ] (42 DAP) 
F-test 
B 2 - -
1 
1 
PD 2 < 1 4.91 * ] 85.33 ** 
Error(l) 4 - -
1 
1 
1 
C 2 17.23 ** 37.11 ** j 7 55 ** 
PD»C 4 < 1 < 1 
1 
' < 1 1 
Error (2) 12 - - 1 1 
Corrected total 26 - - I 1 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table B. 1 Soil bulk density and moisture before planting for first 
planting period (May 16-May 31), Experiment 2, 1995 
No Block Planting 
date 
Depth Sample MC 
(%) 
BD 
(Mg/m^) 
1 B1 05/16/95 D1 SI 28.25 1.05 
2 B1 05/16/95 D1 S2 27.16 0.99 
3 B1 05/16/95 D1 S3 29.35 1.07 
4 B1 05/16/95 D2 SI 30.00 1.18 
5 B1 05/16/95 D2 S2 30.28 1.14 
6 B1 05/16/95 D2 S3 30.97 1.10 
7 B2 05/16/95 D1 SI 27.19 0.96 
8 B2 05/16/95 D1 S2 26.64 0.99 
9 B2 05/16/95 D1 S3 28.17 1.04 
10 B2 05/16/95 D2 SI 30.73 1.12 
11 B2 05/16/95 D2 S2 29.49 1.42 
12 B2 05/16/95 D2 S3 30.81 1.24 
13 B3 05/16/95 D1 SI 27.41 1.08 
14 B3 05/16/95 D1 S2 27.93 1.04 
15 B3 05/16/95 D1 S3 28.12 1.10 
16 B3 05/16/95 D2 SI 28.19 1.16 
17 B3 05/16/95 D2 S2 29.73 1.08 
18 B3 05/16/95 D2 S3 29.10 1.40 
19 B1 05/24/95 D1 SI 24.35 1.12 
20 B1 05/24/95 D1 S2 24.83 1.02 
21 B1 05/24/95 D1 S3 25.26 1.20 
22 B1 05/24/95 D2 SI 27.31 1.24 
23 B1 05/24/95 D2 S2 26.40 1.22 
24 B1 05/24/95 D2 S3 26.65 1.23 
25 B2 05/24/95 D1 SI 24.99 1.19 
26 B2 05/24/95 D1 S2 25.72 1.00 
27 B2 05/24/95 D1 S3 26.92 0.97 
28 B2 05/24/95 D2 Si 27.04 1.27 
29 B2 05/24/95 D2 S2 26.75 1.36 
30 B2 05/24/95 D2 S3 28.41 1.27 
31 B3 05/24/95 D1 SI 25.24 0.95 
32 B3 05/24/95 D1 S2 25.49 1.02 
33 B3 05/24/95 D1 S3 26.53 1.05 
34 B3 05/24/95 D2 SI 28.57 1.26 
35 B3 05/24/95 D2 S2 26.98 1.36 
36 B3 05/24/95 D2 S3 27.73 1.22 
37 B1 05/31/95 D1 SI 23.70 1.04 
38 B1 05/31/95 D1 S2 23.75 1.12 
39 B1 05/31/95 D1 S3 24.60 1.11 
40 B1 05/31/95 D2 SI 24.26 1.25 
41 B1 05/31/95 D2 S2 24.83 1.36 
42 B1 05/31/95 D2 S3 24.64 1.19 
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Table B.l (Continued) 
No Block Planting 
date 
Depth Sample MC 
(%) 
BD 
(Mg/m^) 
43 B2 05/31/95 Dl SI 23.69 1.07 
44 B2 05/31/95 Dl S2 25.72 1.07 
45 B2 05/31/95 Dl S3 26.71 1.00 
46 B2 05/31/95 D2 SI 24.54 1.21 
47 B2 05/31/95 D2 82 26.04 1.12 
48 B2 05/31/95 D2 S3 27.11 1.11 
49 B3 05/31/95 Dl SI 24.57 1.06 
50 B3 05/31/95 Dl S2 24.80 0.96 
51 B3 05/31/95 Dl S3 23.00 1.05 
52 B3 05/31/95 D2 SI 27.64 1.20 
53 B3 05/31/95 D2 S2 27.39 1.12 
54 B3 05/31/95 D2 S3 26.33 1.25 
Bl. B2, B3=Replications 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) depth respectively 
SI, S2, S3=Sample number 
MC= Moisture content 
BD=Bulk density 
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Table B.2 Soil bulk density and moisture at germination for first planting period 
(May 16-May 31), Experiment 2, 1995 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
BD 
(Mg/m') 
1 B1 05/16/95 CO D1 3 21.81 1.03 
2 B1 05/16/95 CO D2 3 23.23 1.14 
3 B1 05/16/95 CI D1 3 21.30 1.03 
4 B1 05/16/95 CI D2 3 22.83 1.17 
5 B1 05/16/95 C3 D1 3 20.47 0.94 
6 B1 05/16/95 C3 D2 3 22.38 1.09 
7 B2 05/16/95 CO D1 3 20.76 1.03 
8 B2 05/16/95 CO D2 3 23.34 1.14 
9 B2 05/16/95 CI D1 3 20.44 1.03 
10 B2 05/16/95 CI D2 3 22.61 1.17 
11 B2 05/16/95 C3 D1 3 22.29 0.94 
12 B2 05/16/95 C3 D2 3 25.21 1.09 
13 B3 05/16/95 CO D1 3 23.55 1.03 
14 B3 05/16/95 CO D2 3 26.20 1.14 
15 B3 05/16/95 CI D1 3 23.07 1.04 
16 B3 05/16/95 CI D2 3 27.75 1.16 
17 B3 05/16/95 C3 D1 3 23.43 0.95 
18 B3 05/16/95 C3 D2 3 29.12 1.08 
19 B1 05/24/95 CO D1 3 23.63 1.03 
20 B1 05/24/95 CO D2 3 26.24 1.14 
21 B1 05/24/95 CI D1 3 23.81 1.03 
22 B1 05/24/95 CI D2 3 25.00 1.17 
23 B1 05/24/95 C3 D1 3 23.71 0.94 
24 B1 05/24/95 C3 D2 3 25.90 1.09 
25 B2 05/24/95 CO D1 3 23.69 1.01 
26 B2 05/24/95 CO D2 3 27.64 1.14 
27 B2 05/24/95 CI D1 3 24.69 1.03 
28 B2 05/24/95 CI D2 3 25.34 1.17 
29 B2 05/24/95 C3 D1 3 24.63 0.94 
30 B2 05/24/95 C3 D2 3 25.41 1.09 
31 B3 05/24/95 CO D1 3 25.64 1.00 
32 B3 05/24/95 CO D2 3 27.60 1.14 
33 B3 05/24/95 CI D1 3 25.51 1.03 
34 B3 05/24/95 CI D2 3 27.98 1.16 
35 B3 05/24/95 C3 D1 3 24.91 0.95 
36 B3 05/24/95 C3 D2 3 28.21 1.08 
37 B1 05/31/95 CO D1 3 23.53 1.00 
38 B1 05/31/95 CO D2 3 22.53 1.10 
39 B1 05/31/95 CI D1 3 23.60 1.03 
40 B1 05/31/95 CI D2 3 23.27 1.17 
41 B1 05/31/95 C3 D1 3 23.37 0.94 
42 B1 05/31/95 C3 D2 3 24.40 1.09 
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Table B.2 (Continued) 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
BD 
(Mg/m^) 
43 B2 05/31/95 CO Dl 3 22.59 0.99 
44 32 05/31/95 CO D2 3 24.69 1.13 
45 B2 05/31/95 CI Dl 3 23.29 1.03 
46 32 05/31/95 CI D2 3 23.75 1.19 
47 32 05/31/95 C3 Dl 3 22.96 0.94 
4S 32 05/31/95 C3 D2 3 24.54 1.08 
49 33 05/31/95 CO Dl 3 26.25 0.99 
50 33 05/31/95 CO D2 3 28.43 1.14 
51 33 05/31/95 CI Dl 3 26.69 1.03 
52 33 05/31/95 CI D2 3 28.02 1.19 
53 33 05/31/95 C3 Dl 3 26.24 0.95 
54 33 05/31/95 C3 D2 3 27.90 1.08 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter 
treatments respectively 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
MC=Moisture content 
BD=Bulk density 
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Table B.3 Air penneability at planting for first planting period (May 16-May 31) 
Experiment 2, 1995 
No Block Planting 
date 
Coulter Frequency Permeability 
(x E-11 m^) 
1 Bl 05/16/95 CO 3 1.69 
2 Bl 05/16/95 CI 3 3.33 
3 Bl 05/16/95 C3 3 10.61 
4 B2 05/16/95 CO 3 3.15 
5 B2 05/16/95 CI 3 5.43 
6 B2 05/16/95 C3 3 12.35 
7 B3 05/16/95 CO 3 3.61 
8 B3 05/16/95 CI 3 6.03 
9 B3 05/16/95 C3 3 12.23 
10 Bl 05/24/95 CO 3 2.39 
11 Bl 05/24/95 CI 3 4.88 
12 Bl 05/24/95 C3 3 13.25 
13 B2 05/24/95 CO 3 3.77 
14 B2 05/24/95 CI 3 6.11 
15 B2 05/24/95 C3 3 13.29 
16 B3 05/24/95 CO 3 3.85 
17 B3 05/24/95 CI 3 7.26 
18 B3 05/24/95 C3 3 15.78 
19 Bl 05/31/95 CO 3 3.36 
20 Bl 05/31/95 CI 3 6.22 
21 Bl 05/31/95 C3 3 12.89 
22 B2 05/31/95 CO 3 4.05 
23 B2 05/31/95 CI 3 12.30 
24 B2 05/31/95 C3 3 18.38 
25 B3 05/31/95 CO 3 3.73 
26 B3 05/31/95 CI 3 6.47 
27 B3 05/31/95 C3 3 21.51 
Bl, B2, B3=Replications 
CO, CI, C3=No<oulter, Single offset bubble coulter and Triple offset fluted coulter treatment 
respectively 
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Table B.4 Emergence rate index and percent emergence for first planting 
period (May 16-May 31), Experiment 2, 1995 
No Block Planting 
date 
Coulter Frequency ERIF Emergence 
(%) 
1 Bl 05/16/95 CO 1 8.70 83.65 
2 Bl 05/16/95 CI 1 9.24 94.94 
3 Bl 05/16/95 C3 1 9.05 80.87 
4 B2 05/16/95 CO 1 9.47 97.50 
5 B2 05/16/95 CI 1 10.66 100.00 
6 B2 05/16/95 C3 1 10.53 100.00 
7 B3 05/16/95 CO 1 9.88 100.00 
8 B3 05/16/95 CI 1 10.30 92.13 
9 B3 05/16/95 C3 1 10.42 94.54 
10 Bl 05/24/95 CO 1 10.59 86.24 
11 Bl 05/24/95 CI 1 10.40 90.82 
12 Bl 05/24/95 C3 1 10.79 87.38 
13 B2 05/24/95 CO 1 10.65 94.18 
14 B2 05/24/95 CI 1 10.38 100.00 
15 B2 05/24/95 C3 1 10.91 85.44 
16 B3 05/24/95 CO 1 10.72 100.00 
17 B3 05/24/95 CI 1 10.68 95.41 
18 B3 05/24/95 C3 1 10.77 100.00 
19 Bl 05/31/95 CO 1 16.04 100.00 
20 Bl 05/31/95 CI 1 16.21 100.00 
21 Bl 05/31/95 C3 1 16.29 100.00 
22 B2 05/31/95 CO 1 15.82 96.39 
23 B2 05/31/95 CI 1 16.15 95.59 
24 B2 05/31/95 C3 1 16.53 96.17 
25 B3 05/31/95 CO 1 16.48 95.36 
26 B3 05/31/95 CI 1 16.12 97.06 
27 B3 05/31/95 C3 1 16.36 90.16 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
ERIF=Emergence rate index in field 
237 
Table B.5 Penetration resistance at germination below seed level and in the sidewall 
for first planting period (May 16-May 31), Experiment 2, 1995 
No Block Planting 
date 
Coulter Frequency VPR 
(kPa) 
SPR 
(kPa) 
1 Bl 05/16/95 CO 3 377.8 346,3 
2 Bl 05/16/95 CI 3 472.2 409.3 
3 Bl 05/16/95 C3 3 304.3 272.8 
4 Bl 05/16/95 UD 3 377.8 314.8 
5 B2 05/16/95 CO 3 419.8 398.8 
6 B2 05/16/95 CI 3 598.1 482.7 
7 B2 05/16/95 C3 3 241.4 178,4 
8 B2 05/16/95 UD 3 461.7 388.3 
9 B3 05/16/95 CO 3 587.7 451,2 
10 B3 05/16/95 CI 3 682.1 577,2 
11 B3 05/16/95 C3 3 482.7 262,3 
12 B3 05/16/95 UD 3 598.1 493,2 
13 Bl 05/24/95 CO 3 692.6 598,1 
14 Bl 05/24/95 CI 3 913.0 818.5 
15 Bl 05/24/95 C3 3 377.8 335,8 
16 Bl 05/24/95 UD 3 629.6 556,2 
17 B2 05/24/95 CO 3 839.5 755,5 
18 B2 05/24/95 CI 3 1112.3 776.5 
19 B2 05/24/95 C3 3 493.2 440.7 
20 B2 05/24/95 UD 3 839.5 808.0 
21 B3 05/24/95 CO 3 797.5 671.6 
22 B3 05/24/95 CI 3 923.4 776.5 
23 B3 05/24/95 C3 3 556.2 430.2 
24 B3 05/24/95 UD 3 787.0 766.0 
25 Bl 05/31/95 CO 3 545.7 451.2 
26 Bl 05/31/95 CI 3 745.1 619.1 
27 Bl 05/31/95 C3 3 388.3 325.3 
28 Bl 05/31/95 UD 3 566.7 535,2 
29 B2 05/31/95 CO 3 755.5 703,1 
30 B2 05/31/95 CI 3 1164.8 829.0 
31 B2 05/31/95 C3 3 545.7 482,7 
32 B2 05/31/95 UD 3 724.1 671.6 
33 B3 05/31/95 CO 3 713.6 598.1 
34 B3 05/31/95 CI 3 965.4 871,0 
35 B3 05/31/95 C3 3 545.7 367,3 
36 B3 05/31/95 UD 3 839.5 650.6 
Bl, B2, B3=Replications 
CO, CI, C3=No-couller, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
UD=Undisturbed and unplanted soil 
VPR=Vertical penetration resistance below seed level 
SPR=Sidewall penetration resistance 
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Table B.6 Plant dry matter weight 42 days after planting for first planting period 
(May 16-May 31), Experiment 2, 1995 
No Block Planting 
date 
Coulter Frequency WTO 
1 Bl 05/16/95 CO 1 4.79 
2 Bl 05/16/95 CI 1 4.85 
3 Bl 05/16/95 C3 1 5.28 
4 B2 05/16/95 CO 1 4.71 
5 B2 05/16/95 CI 1 4.59 
6 B2 05/16/95 C3 1 4.97 
7 B3 05/16/95 CO 1 6.28 
8 B3 05/16/95 CI 1 9.88 
9 B3 05/16/95 C3 1 9.84 
10 Bl 05/24/95 CO 1 11.67 
11 Bl 05/24/95 CI 1 11.68 
12 Bl 05/24/95 C3 1 13.30 
13 B2 05/24/95 CO 1 13.32 
14 B2 05/24/95 CI 1 14.02 
15 B2 05/24/95 C3 1 16.06 
16 B3 05/24/95 CO 1 12.93 
17 B3 05/24/95 CI 1 15.31 
18 B3 05/24/95 C3 1 16.03 
19 Bl 05/31/95 CO 1 23.61 
20 Bl 05/31/95 CI 1 23.72 
21 Bl 05/31/95 C3 1 29.31 
22 B2 05/31/95 CO 1 19.30 
23 B2 05/31/95 CI 1 20.16 
24 B2 05/31/95 C3 1 25.12 
25 B3 05/31/95 CO 1 25.20 
26 B3 05/31/95 CI 1 23.51 
27 B3 05/31/95 C3 1 31.35 
Bl, B2, B3=Replications 
C0,Cl,C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
WTO=Weight of one dry plant 
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Table B.7 Soil bulk density and moisture before planting for second 
planting period (June 15-June 30), Experiment 2, 1995 
No Block Planting Depth Sample MC BD 
date (%) (Mg/m') 
1 B1 06/15/95 D1 SI 24.79 0.96 
2 B1 06/15/95 D1 S2 24.44 1.03 
3 B1 06/15/95 D1 S3 25.92 1.02 
4 B1 06/15/95 D2 SI 26.51 1.17 
5 B1 06/15/95 D2 S2 27.96 1.09 
6 B1 06/15/95 D2 S3 30.55 1.20 
7 B2 06/15/95 D1 SI 24.56 1.03 
8 B2 06/15/95 D1 S2 24.56 1.01 
9 B2 06/15/95 D1 S3 22.84 1.14 
10 B2 06/15/95 D2 SI 26.47 1.05 
11 B2 06/15/95 D2 S2 25.84 1.08 
12 B2 06/15/95 D2 S3 24.12 1.32 
13 B3 06/15/95 D1 SI 27.76 1.01 
14 B3 06/15/95 D1 S2 24.52 1.01 
15 B3 06/15/95 D1 S3 26.01 0.91 
16 B3 06/15/95 D2 SI 30.54 1.08 
17 B3 06/15/95 D2 S2 26.76 1.26 
18 B3 06/15/95 D2 S3 29.41 1.09 
19 B1 06/22/95 D1 SI 22.59 0.93 
20 B1 06/22/95 D1 S2 22.27 0.97 
21 B1 06/22/95 D1 S3 18.02 1.02 
22 B1 06/22/95 D2 SI 28.68 1.11 
23 B1 06/22/95 D2 S2 25.90 1.31 
24 B1 06/22/95 D2 S3 22.40 1.21 
25 B2 06/22/95 D1 SI 17.83 1.13 
26 B2 06/22/95 D1 S2 20.39 1.10 
27 B2 06/22/95 D1 S3 21.48 1.03 
28 B2 06/22/95 D2 SI 21.81 1.19 
29 B2 06/22/95 D2 S2 22.50 1.14 
30 B2 06/22/95 D2 S3 24.52 1.15 
31 B3 06/22/95 D1 SI 22.88 0.99 
32 B3 06/22/95 D1 S2 24.79 1.07 
33 B3 06/22/95 D1 S3 23.96 1.04 
34 B3 06/22/95 D2 SI 25.84 1.29 
35 B3 06/22/95 D2 S2 26.77 1.17 
36 B3 06/22/95 D2 S3 25.30 1.26 
37 B1 06/30/95 D1 SI 28.48 0.96 
38 B1 06/30/95 D1 S2 23.48 1.04 
39 B1 06/30/95 D1 S3 26.08 1.05 
40 B1 06/30/95 D2 SI 29.58 1.12 
41 B1 06/30/95 D2 S2 26.69 1.21 
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Table B.7 (Continued) 
No Block Planting 
date 
Depth Sample MC 
(%) 
BD 
(Mg/m^) 
42 Bl 06/30/95 D2 S3 30.90 1.03 
43 32 06/30/95 Dl SI 22.85 1.15 
44 B2 06/30/95 Dl S2 22.08 1.13 
45 B2 06/30/95 Dl S3 24.86 1.11 
46 B2 06/30/95 D2 SI 22.83 1.26 
47 B2 06/30/95 D2 S2 23.40 1.27 
48 B2 06/30/95 D2 S3 24.93 1.20 
49 B3 06/30/95 Dl SI 24.55 0.98 
50 B3 06/30/95 Dl S2 24.73 1.14 
51 B3 06/30/95 Dl S3 22.91 1.10 
52 B3 06/30/95 D2 SI 26.81 1.14 
53 B3 06/30/95 D2 S2 26.11 1.23 
54 B3 06/30/95 D2 S3 25.58 1.25 
Bl, B2, B3=Replications 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
SI, S2, S3=Sample number 
MC=Moisture content 
BD=Bulk density 
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Table B.8 Soil bulk density and moisture at germination for second planting 
period (June 15-June 30), Experiment 2, 1995 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
BD 
(Mg/m^) 
1 B1 06/15/95 CO D1 3 18.31 0.98 
2 B1 06/15/95 CO D2 3 24.10 1.21 
3 B1 06/15/95 CI D1 3 18.81 1.09 
4 B1 06/15/95 CI D2 3 23.93 1.26 
5 B1 06/15/95 C3 D1 3 17.78 1.00 
6 B1 06/15/95 C3 D2 3 25.04 1.15 
7 B2 06/15/95 CO D1 3 17.55 0.99 
8 B2 06/15/95 CO D2 3 21.95 1.19 
9 B2 06/15/95 CI D1 3 18.60 1.09 
10 B2 06/15/95 CI D2 3 23.01 1.25 
11 B2 06/15/95 C3 D1 3 18.04 1.01 
12 B2 06/15/95 C3 D2 3 23.27 1.15 
13 B3 06/15/95 CO D1 3 18.34 0.94 
14 B3 06/15/95 CO D2 3 24.75 1.11 
15 B3 06/15/95 CI D1 3 17.38 0.96 
16 B3 06/15/95 CI D2 3 26.94 1.13 
17 B3 06/15/95 C3 D1 3 19.59 0.95 
18 B3 06/15/95 C3 D2 3 25.82 1.15 
19 B1 06/22/95 CO D1 3 26.45 1.01 
20 B1 06/22/95 CO D2 3 27.52 1.16 
21 B1 06/22/95 CI D1 3 25.86 0.96 
22 B1 06/22/95 CI D2 3 25.10 1.30 
23 B1 06/22/95 C3 D1 3 25.43 0.97 
24 B1 06/22/95 C3 D2 3 25.58 1.16 
25 B2 06/22/95 CO D1 3 23.15 1.07 
26 B2 06/22/95 CO D2 3 23.97 1.22 
27 B2 06/22/95 CI D1 3 22.59 1.09 
28 B2 06/22/95 CI D2 3 24.80 1.14 
29 B2 06/22/95 C3 D1 3 23.50 1.02 
30 B2 06/22/95 C3 D2 3 22.02 1.21 
31 B3 06/22/95 CO D1 3 25.88 1.01 
32 B3 06/22/95 CO D2 3 27.31 1.16 
33 B3 06/22/95 CI D1 3 25.87 0.98 
34 B3 06/22/95 CI D2 3 26.94 1.29 
35 83 06/22/95 C3 D1 3 24.60 0.97 
36 B3 06/22/95 C3 D2 3 26.79 1.15 
37 B1 06/30/95 CO D1 3 20.36 1.05 
38 B1 06/30/95 CO D2 3 27.72 1 19 
39 B1 06/30/95 CI D1 3 19.90 0.95 
40 B1 06/30/95 CI D2 3 28.23 1.18 
41 B1 06/30/95 C3 D1 3 15.76 0.91 
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Table B.8 (Continued) 
No Block Planting Coulter Depth Frequency MC BD 
date (%) (Mg/m') 
42 Bl 06/30/95 C3 D2 3 27.58 1.14 
43 B2 06/30/95 CO Dl 3 17.09 0.97 
44 B2 06/30/95 CO D2 3 22.75 1.19 
45 B2 06/30/95 CI Dl 3 18.89 1.00 
46 B2 06/30/95 CI D2 3 23.39 1.31 
47 B2 06/30/95 C3 Dl 3 16.35 0.94 
48 B2 06/30/95 C3 D2 3 23.50 1.24 
49 B3 06/30/95 CO Dl 3 17.27 0.91 
50 B3 06/30/95 CO D2 3 24.16 1.29 
51 B3 06/30/95 CI Dl 3 20.60 0.97 
52 B3 06/30/95 CI D2 3 26.14 1.17 
53 B3 06/30/95 C3 Dl 3 16.70 0.88 
54 B3 06/30/95 C3 D2 3 23.99 1.19 
Bl, B2, B3=Replications 
CO, CI, C3=No<oulter, Single offset bubble coulter, and Triple offset fluted coulter respectively 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
MC=Moisture content 
BD=Bulk density 
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Table B.9 Air permeability at planting for second planting period (June 15-June 30) 
Experiment 2, 1995 
No Block Planting date Coulter Frequency Permeability 
(X E -11 m^) 
1 Bl 06/15/95 CO 3 2.62 
2 Bl 06/15/95 CI 3 5.42 
3 Bl 06/15/95 C3 3 14.76 
4 B2 06/15/95 CO 3 3.41 
5 B2 06/15/95 CI 3 5.83 
6 B2 06/15/95 C3 3 13.25 
7 B3 06/15/95 CO 3 3.83 
8 B3 06/15/95 CI 3 7.36 
9 B3 06/15/95 C3 3 19.80 
10 Bl 06/22/95 CO 3 5.54 
11 Bl 06/22/95 CI 3 16.73 
12 Bl 06/22/95 C3 3 18.81 
13 B2 06/22/95 CO 3 6.74 
14 B2 06/22/95 CI 3 12.34 
15 B2 06/22/95 C3 3 17.74 
16 B3 06/22/95 CO 3 6.59 
17 B3 06/22/95 CI 3 10.23 
18 B3 06/22/95 C3 3 17.39 
19 Bl 06/30/95 CO 3 2.33 
20 Bl 06/30/95 CI 3 6.26 
21 Bl 06/30/95 C3 3 15.77 
22 B2 06/30/95 CO 3 3.46 
23 B2 06/30/95 CI 3 5.81 
24 B2 06/30/95 C3 3 10.44 
25 B3 06/30/95 CO 3 3.89 
26 B3 06/30/95 CI 3 7.72 
27 B3 06/30/95 C3 3 19.05 
Bl, B2, B3=Replicalions 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
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Table B. 10 Emergence rate index and percent emergence for second planting 
period (June 15-June 30), Experiment 2, 1995 
No Block Planting 
date 
Coulter Frequency ERIF Emergence 
(%) 
1 Bl 06/15/95 C3 1 24.76 92.53 
2 Bl 06/15/95 CI 1 24.06 100.00 
3 Bl 06/15/95 CO 1 24.00 100.00 
4 B2 06/15/95 C3 1 24.27 100.00 
5 B2 06/15/95 CI 1 22.92 86.96 
6 B2 06/15/95 CO 1 22.56 100.00 
7 B3 06/15/95 C3 1 22.97 91.38 
8 B3 06/15/95 CI 1 23.20 95.65 
9 B3 06/15/95 CO 1 23.24 91.62 
10 Bl 06/22/95 C3 1 18.59 67.82 
11 Bl 06/22/95 CI 1 24.33 84.36 
12 Bl 06/22/95 CO 1 22.69 98.57 
13 B2 06/22/95 C3 1 24.82 99.00 
14 B2 06/22/95 CI 1 24.01 80.66 
15 B2 06/22/95 CO 1 25.13 100.00 
16 B3 06/22/95 C3 1 21.74 100.00 
17 B3 06/22/95 CI 1 23.44 100.00 
18 B3 06/22/95 CO 1 22.54 98.57 
19 Bl 06/30/95 C3 1 25.38 100.00 
20 Bl 06/30/95 CI 1 24.52 100.00 
21 Bl 06/30/95 CO 1 22.99 100.00 
22 B2 06/30/95 C3 1 24.65 99.45 
23 B2 06/30/95 CI 1 24.86 100,00 
24 B2 06/30/95 CO 1 22.88 84.10 
25 B3 06/30/95 C3 1 24.30 87.43 
26 B3 06/30/95 CI 1 24.90 76.40 
27 B3 06/30/95 CO 1 23.40 72.82 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
ERIF=Einergence rate index in field 
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Table B. 11 Penetration resistance at germination below seed level and in 
the sidewall for second planting period (June 15-June 30), 
Experiment 2, 1995 
No Block Planting Coulter Frequency VPR SPR 
date (kPa) (kPa) 
1 Bl 06/15/95 CO 3 870,97 724.06 
2 Bl 06/15/95 CI 3 1038.87 818.50 
3 Bl 06/15/95 C3 3 692.58 566.66 
4 Bl 06/15/95 UD 3 954.92 849.98 
5 B2 06/15/95 CO 3 891.96 839.49 
6 B2 06/15/95 CI 3 1122.82 965.42 
7 B2 06/15/95 C3 3 640.11 587.65 
8 B2 06/15/95 UD 3 881.46 797.52 
9 B3 06/15/95 CO 3 1017.88 891.96 
10 B3 06/15/95 CI 3 1332.69 954.92 
11 B3 06/15/95 C3 3 818.50 724.06 
12 B3 06/15/95 UD 3 1017.88 933.94 
13 Bl 06/22/95 CO 3 682.09 461.72 
14 Bl 06/22/95 CI 3 912.95 524.68 
15 Bl 06/22/95 C3 3 493.20 440.73 
16 Bl 06/22/95 UD 3 860.48 671.59 
17 B2 06/22/95 CO 3 692.58 503.69 
18 B2 06/22/95 CI 3 849.98 671.59 
19 B2 06/22/95 C3 3 545.67 451.22 
20 B2 06/22/95 UD 3 891.96 766.03 
21 B3 06/22/95 CO 3 1185.78 849.98 
22 B3 06/22/95 CI 3 1332.69 1070.35 
23 B3 06/22/95 C3 3 430.24 493.20 
24 B3 06/22/95 UD 3 1227.76 923.44 
25 Bl 06/30/95 CO 3 737.70 588.69 
26 Bl 06/30/95 CI 3 921.34 706.22 
27 Bl 06/30/95 C3 3 523.63 503.70 
28 Bl 06/30/95 UD 3 803.81 652.70 
29 B2 06/30/95 CO 3 1113.38 836.34 
30 B2 06/30/95 CI 3 1467.01 1006.34 
31 B2 06/30/95 C3 3 759.74 695.73 
32 B2 06/30/95 UD 3 1327.44 1209.92 
33 B3 06/30/95 CO 3 1444.97 921.34 
34 B3 06/30/95 CI 3 1638.06 1019.98 
35 B3 06/30/95 C3 3 856.28 674.74 
36 B3 06/30/95 UD 3 1573.00 1369.42 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
lJD=Undisturbed and unplanted soil 
VPR=Vertical penetration resistance below seed level 
SPR=Sidewall penetration resistance 
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Table B. 12 Plant dry matter weight 28 and 42 days after planting for second 
planting period (June 15-June 30), Experiment 2, 1995 
No Block Planting date Coulter Frequency WT028 
(g) 
WT042 
(g) 
1 Bl 06/15/95 CO 1 7.27 28.46 
2 Bl 06/15/95 CI 1 8.60 36.41 
3 Bl 06/15/95 C3 1 8.03 33.34 
4 B2 06/15/95 CO 1 6,49 36.70 
5 B2 06/15/95 CI 1 6.86 35.57 
6 B2 06/15/95 C3 1 7.92 42.87 
7 B3 06/15/95 CO 1 7.45 40.70 
8 83 06/15/95 CI 1 8.06 40.15 
9 B3 06/15/95 C3 1 8.85 42.59 
10 Bl 06/22/95 CO 1 8.36 29.04 
11 Bl 06/22/95 CI 1 8.44 34.28 
12 Bl 06/22/95 C3 1 5.83 30.27 
13 B2 06/22/95 CO 1 7.67 27.49 
14 B2 06/22/95 CI 1 7.84 28.72 
15 B2 06/22/95 C3 1 8.98 31.10 
16 B3 06/22/95 CO 1 6.00 25.55 
17 B3 06/22/95 CI 1 7.06 26.07 
18 B3 06/22/95 C3 1 7.67 28.30 
19 Bl 06/30/95 CO 1 9.00 28.83 
20 Bl 06/30/95 CI 1 11.22 36.29 
21 Bl 06/30/95 C3 1 9.84 33.44 
22 B2 06/30/95 CO 1 7.56 27.69 
23 B2 06/30/95 CI 1 9.09 34.30 
24 B2 06/30/95 C3 1 8.90 33.28 
25 B3 06/30/95 CO 1 9.56 36.01 
26 B3 06/30/95 CI 1 8.86 34,86 
27 B3 06/30/95 C3 1 8.15 34,83 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
WT028=Weight of one dry plant 28 days after planting 
WT042= Weight of one dry plant 42 days after planting 
247 
Table B. 13 Soil bulk density and moisture before planting for third planting 
period (July 31-Aug. 7), Experiment 2,1995 
No Block Planting date Depth Sample MC 
(%) 
ED 
(Mg/m^) 
1 B1 07/31/95 D1 SI 16.70 1.03 
2 El 07/31/95 D1 S2 16.11 1.11 
3 B1 07/31/95 D1 S3 14.53 1.21 
4 El 07/31/95 D2 SI 25.82 1.14 
5 B1 07/31/95 D2 S2 20.32 1.38 
6 El 07/31/95 D2 S3 18.93 1.23 
7 B2 07/31/95 D1 SI 12.18 0.97 
8 E2 07/31/95 D1 S2 16.85 1.14 
9 B2 07/31/95 D1 S3 15.14 0.99 
10 B2 07/31/95 D2 SI 18.12 1.18 
11 B2 07/31/95 D2 S2 21.37 1.34 
12 B2 07/31/95 D2 S3 21.02 1.31 
13 B3 07/31/95 D1 SI 14.75 1.10 
14 E3 07/31/95 D1 S2 16.06 0.95 
15 B3 07/31/95 D1 S3 19.56 1.04 
16 E3 07/31/95 D2 SI 21.67 1.17 
17 E3 07/31/95 D2 S2 20.73 1.25 
18 B3 07/31/95 D2 S3 22.83 1.35 
19 El 08/02/95 D1 SI 28.68 0.97 
20 El 08/02/95 D1 S2 25.60 1.06 
21 El 08/02/95 D1 S3 23.81 1.03 
22 El 08/02/95 D2 SI 28.91 1.07 
23 El 08/02/95 D2 S2 25.65 1.03 
24 El 08/02/95 D2 S3 23.92 1.35 
25 E2 08/02/95 D1 SI 23.08 1.02 
26 B2 08/02/95 D1 S2 20.13 1.10 
27 B2 08/02/95 D1 S3 24.22 1.04 
28 E2 08/02/95 D2 SI 23.41 1.19 
29 B2 08/02/95 D2 S2 20.27 1.22 
30 B2 08/02/95 D2 S3 24.55 1.12 
31 B3 08/02/95 D1 SI 23.84 0.97 
32 B3 08/02/95 D1 S2 24.80 1.11 
33 B3 08/02/95 D1 S3 23.19 1.02 
34 B3 08/02/95 D2 SI 24.31 1.04 
35 B3 08/02/95 D2 S2 24.64 1.25 
36 B3 08/02/95 D2 S3 25.07 1.27 
37 El 08/07/95 D1 SI 17.17 1.08 
38 B1 08/07/95 D1 S2 23.68 0.99 
39 El 08/07/95 D1 S3 19.10 1.16 
40 B1 08/07/95 D2 SI 22.37 1.24 
41 B1 08/07/95 D2 S2 17.66 1.19 
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Table B. 13 (Continued) 
No Block Planting date Depth Sample MC 
(%) 
BD 
(Mg/m^) 
42 B1 08/07/95 D2 S3 21.64 1.23 
43 B2 08/07/95 Dl 81 18.95 0.97 
44 B2 08/07/95 Dl S2 18.10 111 
45 B2 08/07/95 Dl S3 19.26 0.97 
46 B2 08/07/95 D2 SI 22.83 1.12 
47 B2 08/07/95 D2 S2 21.36 1.28 
48 B2 08/07/95 D2 S3 20.89 1.14 
49 B3 08/07/95 Dl SI 20.32 1.16 
50 B3 08/07/95 Dl S2 18.69 0.98 
51 B3 08/07/95 Dl S3 18.33 1.07 
52 B3 08/07/95 D2 SI 24.40 1.19 
53 B3 08/07/95 D2 S2 23.59 1.04 
54 B3 08/07/95 D2 S3 23.77 1.22 
Bl, B2, B3=Replications 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
SI, S2, S3=Sample number 
MC=Moisture content 
BD=Bulk density 
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Table B. 14 Soil bulk density and moisture at germination for third planting 
period (July 31-Aug. 7), Experiment 2, 1995 
No Block Planting Coulter Depth Frequency MC ED 
date (%) (Mg/m^) 
1 B1 07/31/95 CO D1 3 17.80 1,02 
2 El 07/31/95 CO D2 3 21.34 1.14 
3 EI 07/31/95 CI D1 3 17.90 1.01 
4 El 07/31/95 CI D2 3 21.36 1.15 
5 El 07/31/95 C3 D1 3 17.78 1.08 
6 El 07/31/95 C3 D2 3 20.75 1,17 
7 E2 07/31/95 CO D1 3 16.97 1,03 
8 B2 07/31/95 CO D2 3 20.13 1.14 
9 E2 07/31/95 CI D1 3 17.35 1.06 
10 E2 07/31/95 CI D2 3 21.65 1.11 
11 E2 07/31/95 C3 D1 3 17.38 1.05 
12 E2 07/31/95 C3 D2 3 20.07 1.18 
13 E3 07/31/95 CO D1 3 17.69 1.05 
14 B3 07/31/95 CO D2 3 20.96 1.20 
15 E3 07/31/95 CI D1 3 19.16 1.11 
16 E3 07/31/95 CI D2 3 21.50 1.26 
17 B3 07/31/95 C3 D1 3 18.03 1.01 
18 B3 07/31/95 C3 D2 3 21.56 1.13 
19 El 08/02/95 CO D1 3 22.35 0.89 
20 El 08/02/95 CO D2 3 24.95 1.13 
21 El 08/02/95 CI D1 3 21,94 0.90 
22 El 08/02/95 CI D2 3 26.84 1.14 
23 El 08/02/95 C3 D1 3 19.33 0.94 
24 El 08/02/95 C3 D2 3 25.38 1.07 
25 E2 08/02/95 CO D1 3 17.93 0.97 
26 E2 08/02/95 CO D2 3 19.99 1.10 
27 E2 08/02/95 CI DI 3 20.44 1.05 
28 E2 08/02/95 CI D2 3 20.32 1.33 
29 E2 08/02/95 C3 Dl 3 17.69 0.98 
30 E2 08/02/95 C3 D2 3 20.64 1.22 
31 E3 08/02/95 CO Dl 3 17.86 0.97 
32 E3 08/02/95 CO D2 3 21.84 1.25 
33 E3 08/02/95 CI Dl 3 19.95 1.01 
34 E3 08/02/95 CI D2 3 22.40 1.16 
35 B3 08/02/95 C3 Dl 3 19.50 0.98 
36 E3 08/02/95 C3 D2 3 22.25 1.26 
37 El 08/07/95 CO Dl 3 27.22 0.93 
38 B1 08/07/95 CO D2 3 29.00 1.06 
39 El 08/07/95 CI Dl 3 27.45 0.91 
40 El 08/07/95 CI D2 3 30,41 1.18 
41 El 08/07/95 C3 Dl 3 27,71 0.88 
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Table B. 14 (Continued) 
No Block Planting Coulter Depth Frequency MC BD 
date (%) (Mg/m^) 
42 Bl 08/07/95 C3 D2 3 29.45 1.07 
43 B2 08/07/95 CO Dl 3 23.93 1.03 
44 B2 08/07/95 CO D2 3 25.00 1.15 
45 B2 08/07/95 CI Dl 3 23.70 1.02 
46 82 08/07/95 CI D2 3 24.72 1.12 
47 B2 08/07/95 C3 Dl 3 24.63 1.01 
48 B2 08/07/95 C3 D2 3 24.31 1.26 
49 B3 08/07/95 CO DI 3 21.78 1.04 
50 B3 08/07/95 CO D2 3 24.06 1.17 
51 B3 08/07/95 CI Dl 3 24.14 0.88 
52 B3 08/07/95 CI D2 3 26.51 1.23 
53 B3 08/07/95 C3 Dl 3 22.33 0.97 
54 B3 08/07/95 C3 D2 3 25.56 1.26 
Bl, B2, B3=Rcplications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
DI, D2, D3=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
MC=Moisture content 
BD=Bulk density 
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Table B. 15 Air permeability at planting for third planting period 
(July 31-Aug. 7), Experiment 2, 1995 
No Block Planting date Coulter Frequency Permeability 
(x E-11 m^) 
1 Bl 07/31/95 CO 3 11.34 
2 Bl 07/31/95 CI 3 15.13 
3 Bl 07/31/95 C3 3 27.78 
4 B2 07/31/95 CO 3 12.51 
5 B2 07/31/95 CI 3 16.92 
6 B2 07/31/95 C3 3 45.30 
7 B3 07/31/95 CO 3 7.29 
8 B3 07/31/95 CI 3 11.34 
9 B3 07/31/95 C3 3 20.69 
10 Bl 08/02/95 CO 3 3.37 
11 Bl 08/02/95 CI 3 5.98 
12 Bl 08/02/95 C3 3 11.41 
13 B2 08/02/95 CO 3 4.22 
14 B2 08/02/95 CI 3 7.93 
15 B2 08/02/95 C3 3 19.25 
16 B3 08/02/95 CO 3 3.32 
17 B3 08/02/95 CI 3 6.08 
18 B3 08/02/95 C3 3 17.19 
19 Bl 08/07/95 CO 3 7.55 
20 Bl 08/07/95 CI 3 15.85 
21 Bl 08/07/95 C3 3 22.82 
22 B2 08/07/95 CO 3 6.14 
23 B2 08/07/95 CI 3 11.75 
24 B2 08/07/95 C3 3 19.92 
25 B3 08/07/95 CO 3 5.52 
26 B3 08/07/95 CI 3 7.48 
27 B3 08/07/95 C3 3 14.18 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter respectively 
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Table B. 16 Emergence rate index and percent emergence for third planting period 
(July 31-Aug 7), Experiment 2, 1995 
No Block Planting 
date 
Coulter Frequency ERIE Emergence 
(%) 
1 B1 07/31/95 CO 1 24.33 40.44 
2 B1 07/31/95 CI 1 24.06 38.76 
3 B1 07/31/95 C3 1 23.55 41.50 
4 82 07/31/95 CO 1 24.51 92.35 
5 B2 07/31/95 CI 1 24.51 94.38 
6 B2 07/31/95 C3 1 23.76 92.02 
7 B3 07/31/95 CO 1 22.67 100.00 
8 B3 07/31/95 CI 1 24.20 100.00 
9 B3 07/31/95 C3 1 22.86 100.00 
10 B1 08/02/95 CO 1 24.21 100.00 
11 B1 08/02/95 CI 1 25.39 100.00 
12 B1 08/02/95 C3 1 25.44 100.00 
13 B2 08/02/95 CO 1 24.04 93.45 
14 B2 08/02/95 CI 1 25.70 95.00 
15 B2 08/02/95 C3 1 24.61 93.13 
16 B3 08/02/95 CO 1 24.29 93.45 
17 B3 08/02/95 CI 1 26.48 95.00 
18 B3 08/02/95 C3 1 25.43 85.41 
19 B1 08/07/95 CO 1 22.57 94.09 
20 B1 08/07/95 CI 1 22.64 73.20 
21 B1 08/07/95 C3 1 25.19 96.41 
22 B2 08/07/95 CO 1 23.21 82.27 
23 B2 08/07/95 CI 1 23.86 94.85 
24 B2 08/07/95 C3 1 24.05 89.24 
25 B3 08/07/95 CO 1 26.27 100.00 
26 B3 08/07/95 CI 1 23.33 100.00 
27 B3 08/07/95 C3 1 26.20 100.00 
B1, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter respectively 
ERIF=Emergence rate index in field 
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Table B. 17 Penetration resistance at germination below seed level and in the sidewall 
for third planting period (July 31-Aug. 7), Experiment 2, 1995 
No Block Planting 
date 
Coulter Frequency VPR 
(kPa) 
SPR 
(kPa) 
1 Bl 07/31/95 CO 3 845.92 824.50 
2 Bl 07/31/95 CI 3 942.28 931.58 
3 Bl 07/31/95 C3 3 685.30 588.93 
4 Bl 07/31/95 UD 3 1038.65 878.04 
5 B2 07/31/95 CO 3 931.58 803.08 
6 B2 07/31/95 CI 3 1092.19 910.16 
7 B2 07/31/95 C3 3 770.96 760.25 
8 B2 07/31/95 UD 3 1060.07 1006.53 
9 B3 07/31/95 CO 3 1113.61 878.04 
10 B3 07/31/95 CI 3 1177.86 1017.24 
11 B3 07/31/95 C3 3 728.13 653.18 
12 B3 07/31/95 UD 3 1070.78 974.41 
13 Bl 08/02/95 CO 3 738.84 674.59 
14 Bl 08/02/95 CI 3 1006.53 845.91 
15 Bl 08/02/95 C3 3 567.51 513.97 
16 Bl 08/02/95 UD 3 952.99 920.87 
17 B2 08/02/95 CO 3 920.87 824.50 
18 B2 08/02/95 CI 3 974.41 952.99 
19 B2 08/02/95 C3 3 535.39 439.02 
20 B2 08/02/95 UD 3 1006.53 920.87 
21 B3 08/02/95 CO 3 1284.93 1220.69 
22 B3 08/02/95 CI 3 1456.26 1060.07 
23 B3 08/02/95 C3 3 963.70 685.30 
24 B3 08/02/95 UD 3 1445.55 1402.72 
25 Bl 08/07/95 CO 3 856.62 685.30 
26 Bl 08/07/95 CI 3 985.12 845.91 
27 Bl 08/07/95 C3 3 535.39 428.31 
28 Bl 08/07/95 UD 3 878.04 845.92 
29 B2 08/07/95 CO 3 1070.78 878.04 
30 B2 08/07/95 CI 3 1135.02 920,87 
31 B2 08/07/95 C3 3 492.56 374.77 
32 B2 08/07/95 UD 3 1006.53 845.92 
33 B3 08/07/95 CO 3 1092.19 1017.24 
34 B3 08/07/95 CI 3 1209.98 1006,53 
35 B3 08/07/95 C3 3 770.96 631.76 
36 B3 08/07/95 UD 3 1156.44 1102.90 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
UD= Undisturbed and unplanted soil 
VPR=Vertical penetration resistance below seed level 
SPR=Sidewall penetration resistance 
254 
Table B. 18 Plant dry matter weight 28 and 42 days after planting for third planting 
period (July 31-Aug. 7), Experiment 2, 1995 
No Block Planting date Coulter Frequency WT028 
(g) 
WT042 
(R) 
1 Bl 07/31/95 CO 1 10.90 39.60 
2 Bl 07/31/95 CI 1 11.86 40.42 
3 Bl 07/31/95 C3 1 17.34 40.00 
4 B2 07/31/95 CO 1 9.86 20.76 
5 B2 07/31/95 CI 1 8.28 20.42 
6 B2 07/31/95 C3 1 9.70 21.84 
7 B3 07/31/95 CO 1 9.52 24.30 
8 B3 07/31/95 CI 1 8.58 24.26 
9 B3 07/31/95 C3 1 10.02 24.66 
10 Bl 08/02/95 CO 1 8.98 27.38 
11 Bl 08/02/95 CI 1 9.58 28.34 
12 61 08/02/95 C3 1 10.64 28.20 
13 B2 08/02/95 CO I 9.04 20.28 
14 B2 08/02/95 CI 1 8.16 19.30 
15 B2 08/02/95 C3 1 7.98 21.46 
16 B3 08/02/95 CO 1 7.90 25.28 
17 B3 08/02/95 CI 1 6.96 23.82 
18 B3 08/02/95 C3 1 8.08 25.84 
19 Bl 08/07/95 CO 1 7.94 25.90 
20 Bl 08/07/95 CI 1 7.76 26.60 
21 Bl 08/07/95 C3 1 7.46 28.50 
22 B2 08/07/95 CO 1 7.74 21.70 
23 B2 08/07/95 CI 1 7.02 23.00 
24 B2 08/07/95 C3 1 7.78 22.70 
25 B3 08/07/95 CO 1 8.86 20.40 
26 B3 08/07/95 CI 1 7.90 20.90 
27 B3 08/07/95 C3 1 7.86 20.98 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
WT028=Weight of one dry plant 28 days after planting 
WT042= Weight of one dry plant 42 days after planting 
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Table B.19 Seed depth for first planting period (May 16-May 31) 
Experiment 2, 1995 
No Block Planting date Coulter Frequency Seed depth 
(mm) 
1 Bl 05/16/95 CO 5 43.0 
2 Bl 05/16/95 CI 5 41.6 
3 Bl 05/16/95 C3 5 43.8 
4 B2 05/16/95 CO 5 44.0 
5 B2 05/16/95 CI 5 40.2 
6 B2 05/16/95 C3 5 42,6 
7 B3 05/16/95 CO 5 43.0 
8 B3 05/16/95 CI 5 41.2 
9 B3 05/16/95 C3 5 42.8 
10 Bl 05/24/95 CO 5 42.4 
11 Bl 05/24/95 CI 5 43.2 
12 Bl 05/24/95 C3 5 40.8 
13 B2 05/24/95 CO 5 41.6 
14 B2 05/24/95 CI 5 43.8 
15 B2 05/24/95 C3 5 42.6 
16 B3 05/24/95 CO 5 41.6 
17 B3 05/24/95 CI 5 40.4 
18 B3 05/24/95 C3 5 40.6 
19 Bl 05/31/95 CO 5 41.6 
20 Bl 05/31/95 CI 5 41.4 
21 Bl 05/31/95 C3 5 43.0 
22 B2 05/31/95 CO 5 45.8 
23 B2 05/31/95 CI 5 43.4 
24 B2 05/31/95 C3 5 44.0 
25 B3 05/31/95 CO 5 43.6 
26 B3 05/31/95 CI 5 42,6 
27 B3 05/31/95 C3 5 43.8 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter 
respectively 
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Table B.20 Seed depth for second planting period (June 15-June 30) 
Experiment 2, 1995 
No Block Planting date Coulter Frequency Seed depth 
(mm) 
1 Bl 06/15/95 CO 5 43.8 
2 Bl 06/15/95 CI 5 42.6 
3 Bl 06/15/95 C3 5 44.0 
4 B2 06/15/95 CO 5 43.4 
5 B2 06/15/95 CI 5 43.2 
6 B2 06/15/95 C3 5 43.6 
7 B3 06/15/95 CO 5 43.0 
8 83 06/15/95 CI 5 43.0 
9 B3 06/15/95 C3 5 42.4 
10 Bl 06/22/95 CO 5 46.4 
11 Bl 06/22/95 CI 5 48.0 
12 Bl 06/22/95 C3 5 48.2 
13 B2 06/22/95 CO 5 45.2 
14 B2 06/22/95 CI 5 47.2 
15 B2 06/22/95 C3 5 47.6 
16 B3 06/22/95 CO 5 44.4 
17 B3 06/22/95 CI 5 44.2 
18 B3 06/22/95 C3 5 45.6 
19 Bl 06/30/95 CO 5 47.6 
20 Bl 06/30/95 CI 5 47.2 
21 Bl 06/30/95 C3 5 48.6 
22 B2 06/30/95 CO 5 46.6 
23 B2 06/30/95 CI 5 46.4 
24 B2 06/30/95 C3 5 48.0 
25 B3 06/30/95 CO 5 44.4 
26 B3 06/30/95 CI 5 44.2 
27 B3 06/30/95 C3 5 48.2 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single ofifset bubble coulter, and Triple offset fluted coulter 
respectively 
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Table B.21 Seed depth for third planting period (July 31-Aug. 7) 
Experiment 2, 1995 
No Block Planting date Coulter Frequency Seed depth 
(nun) 
1 Bl 07/31/95 CO 5 45.4 
2 Bl 07/31/95 CI 5 45.8 
3 Bl 07/31/95 C3 5 46.4 
4 B2 07/31/95 CO 5 47.4 
5 B2 07/31/95 CI 5 44.8 
6 B2 07/31/95 C3 5 46.8 
7 B3 07/31/95 CO 5 46.0 
8 B3 07/31/95 CI 5 45.8 
9 B3 07/31/95 C3 5 47.2 
10 Bl 08/02/95 CO 5 44.2 
11 Bl 08/02/95 CI 5 44.6 
12 Bl 08/02/95 C3 5 44.0 
13 B2 08/02/95 CO 5 44.6 
14 B2 08/02/95 CI 5 43.2 
15 B2 08/02/95 C3 5 45.0 
16 B3 08/02/95 CO 5 45.2 
17 B3 08/02/95 CI 5 45.0 
18 B3 08/02/95 C3 5 44.0 
19 Bl 08/07/95 CO 5 43.6 
20 Bl 08/07/95 CI 5 42.4 
21 Bl 08/07/95 C3 5 44.6 
22 B2 08/07/95 CO 5 45.2 
23 B2 08/07/95 CI 5 45.0 
24 B2 08/07/95 C3 5 42.2 
25 B3 08/07/95 CO 5 44.0 
26 B3 08/07/95 CI 5 45,2 
27 B3 08/07/95 C3 5 45.0 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter 
respectively 
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Table B.22 Analysis of variance of soil moisture and bulk density before planting com for 
first planting period (May 16 - May 31), Experiment 2, 1995 
Soil moisture Bulk density 
Source DF DF 
B 
PD 
Error 
Corrected 
total 
2 
2 
4 
8 
18.52 ** 
2 
2 
4 
8 
< 1 
I 
Source 
B 
PD 
Error 
Corrected 
total 
"h-
I 
I 
- -h-
I 
I 
I 
I 
I 
I 
-h-
I 
I 
- -h-
DF 
2 
2 
4 
8 
12.39 
DF 
2 
2 
4 
8 
1.1 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table B.23 Analysis of variance of soil moisture and bulk density at com emergence for 
first planting period (May 16 - May 31), Experiment 2, 1995 
Depth 
(mm) Source 
Soil moisture 
DF 
Bulk density 
DF 
0-50 
50-100 
B 1 2 
PD 1 2 
Error(l) 1 4 
C i 2 
PD*c : 4 
Error(2) ! 12 
Corrected i 26 
total 
Source I DF 
2 
16.53 * 1 2 
4 
< 1  1  2  
<1 1 4 
12 
26 
DF 
10.22 * 
396.39 ** 
6.95 ** 
-h- -h-
B 
PD 
Error(l) 
C 
PD*C 
Error(2) 
Corrected 
total 
2 
2 
4 
2 
4 
12 
26 
4.35 
1.46 
< 1 
2 
2 
4 
2 
4 
12 
26 
< 1 
330.56 ** 
5.38 * 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0,01 probability level 
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Table B .24 Analysis of variance of of air permeability and com emergence for 
first planting period (May 16 - May 31), Experiment 2, 1995 
1 1 1 
j j Air permab. j Emergence 
Source j DF j j ERI Percent 
I I F-test 
B ' 
1 
2 1 
1 
1 
1 
-
PD [ 2 ! 12.02 * [ 250.84 ** < 1 
Error(l) [ 4 
1 
1 
1 
1 
1 -
C j 2 j 97.83 ** j 7.42 1.35 
PD*C 1 4 
i 
1 3.91 * < 1 
Error (2) j 12 1 
1 
1 
1 
! -1 
Corrected total ! 26 
1 
1 1 
i 
1 
_ 
Table B .25 Analysis of variance of soil penetration resistance at com emergence and plant 
dry matter 42DAP for first planting period (May 16 - May 31), 
Experiment 2, 1995 
Source DF 
Soil penetration resistance Dry matter 
Below seed In sidewall (42 DAP) 
F-test 
B 
PD 
Error(l) 
C 
PD*C 
Error (2) 
Corrected total 
2 
2 
4 
2 
4 
12 
26 
12.42* 17.66* 
92.3 ** 84,96 ** 
4.48* 1.89 
85.89 ** 
33.59 ** 
9.75 ** 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table B.26 Analysis of variance of soil moisture and bulk density before planting com for 
second planting period (June 15 - June 30), Experiment 2, 1995 
Depth 
(mm) Source 
Soil moisture 
DF 
Bulk density 
DF 
0-50 B I 2 
PD ! 2 
Error I 4 
Corrected 1 8 
total 
1— 
Source 1 DF 
2 
6.49 1 2 4.56 
4 
8 
^ DF F 
-h- -h-
50-100 B 
PD 
Error 
Corrected 
total 
2 
2 
4 
8 
5.44 
2 
2 
4 
8 
1.03 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table B.27 Analysis of variance of soil moisture and bulk density at com emergence for 
second planting period (June 15 - June 30), Experiment 2, 1995 
Source 
Soil moisture 
DF 
Bulk density 
DF 
B 
PD 
Error(l) 
C 
PD*C 
Error(2) 
Corrected 
total 
2 
2 
4 
2 
4 
12 
26 
8.63 
3.54 
3.56 
**  
2 
2 
4 
2 
4 
12 
26 
4.44 
4.93 * 
2.27 
H- -h- -h-
Source 
H— 
B 
PD 
Error(l) 
C 
PD*C 
Error(2) 
Corrected 
total 
DF 
2 
2 
4 
2 
4 
12 
26 
< 1 
1.25 
2.34 
DF 
2 
2 
4 
2 
4 
12 
26 
< 1 
2.14 
< 1 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table B.28 Analysis of variance of of air permeability and com emergence for 
second planting period (June 15 - June 30), Experiment 2, 1995 
- \ 
1 
1 
Source j 
1 
DF 
r— ' " V 
j Air permab. j 
1 1 
1 1 
ERI 
Emergence 
Percent 
1 
1 
1 
F-test 
1 
B ' 
1 
2 
1 1 
1 - 1 
1 1 
- -
PD ; 2 ' 7 14 ' 1 1 1 < 1 
Error(l) j 4 
1 1 
1 - 1 
1 i  - -
c 1 2 1 84 49 •* 1 1.22 < 1 
PD*c ; 4 
1 1 
1 1 2.68 1.41 
Error (2) ' 12 
1 1 
1 .  1 
1 [ - -
Corrected total ] 26 i t 1 1 - -
Table B.29 Analysis of variance of soil penetration resistance at corm emergence and plant 
dry matter 28 and 42 DAP for second planting period (June 15 - June 30), 
Experiment 2, 1995 
Source DF 
Soil penetration resistance Dry matter 
1 
Below seed [ In sidewall (42 DAP) (42 DAP) 
B 2 - - - -
PD 2 3.25 5.27 4.54 4.56 
Error(l) 4 - - - -
C 2 37.32** 26.31 ** 1.5 4.48 
PD*C 4 < 1 < 1 < 1 < 1 
Error (2) 12 - - - -
Corrected 26 - - . -
total 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table B.30 Analysis of variance of soil moisture and bulk density before planting com for 
third planting period (July 31- Aug. 7), Experiment 2, 1995 
Depth 
1 
1 
1 
I 
1 
1 Soil moisture 
1 
1 
1 Bulk density 
(mm) j Source 1 1 DF F 
1 
1 DF F 
0-50 ! B t \ 2 - 1 1 2 
! PD 
1 
1 2 61.9 ** 
1 
1 2 < 1 
1 Error 
1 
1 
1 
4 
-
1 
1 4 
1 Corrected 
J total 
1 
1 
-
 —
 
+
 
+
 
1 
1 
1 
1 
8 
-
1 
1 
+
 
1 
1 
1 
1 
8 
I Source 
1 
1 
-
 —
 
+
 
+
 
1 
1 
1 
1 
DF F 
1 
1 
+
 
1 
1 
1 
1 
DF F 
50-100 ! B 
1 
1 
-
 —
 
+
 
+
 
1 
1 
1 
1 
2 
-
1 
1 
+
 
1 
1 
1 
1 
2 
1 PD 1 1 2 4.67 1 1 2 8.68 * 
j Error 1 1 4 -
1 
1 4 
I Corrected 
j total 
I 
) 
1 
1 
• 
8 
-
1 
1 
1 
1 
8 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table B.31 Analysis of variance of soil moisture and bulk density at com emergence for 
third planting period (July 31- Aug. 7), Experiment 2, 1995 
Source 
Soil moisture 
DF 
Bulk density 
DF 
B 
PD 
Error(l) 
C 
PD*C 
Error(2) 
Corrected 
total 
2 
2 
4 
2 
4 
12 
26 
11.12 * 
< 1 
.23 
2 
2 
4 
2 
4 
12 
26 
8.75 
< 1 
1.71 
h- -h- 4-
Source 
-t— 
B 
PD 
Error(l) 
C 
PD*C 
Error(2) 
Corrected 
total 
DF 
2 
2 
4 
2 
4 
12 
26 
2.42 
< 1 
< 1 
DF 
2 
2 
4 
2 
4 
12 
26 
< 1 
< 1 
< 1 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table B.32 Analysis of variance of of air permeability and com emergence for 
third planting period (July 31- Aug. 7), Experiment 2, 1995 
1 I I 
I ' Air permab. i Emergence 
1 
Source j 
1 
1 
DF 
1-
1 
1 ERI Percent 
F-test 
1 
B ' 
1 
2 
1 
1 
1 
- -
PD ; 2 6.25 * 1 2.19 < 1 
Error(l) j 4 
1 
1 
1 - -
c : 2 38.68 ** 1 1.42 < 1 
PD*C ] 4 ,73 i 4.13 < 1 
Error(2) j 12 
I 
1 
I 
- -
Corrected total ] 26 1 1 - -
Table B.33 Analysis of variance of soil penetration resistance at corm emergence and plant 
dry matter 28 and 42 DAP for third planting period (July 31- Aug. 7), 
Experiment 2, 1995 
r 
Soil penetration resistance [ Dry matter 
Source DF 
1 
Below^seed J In sidewall [ (42 DAP) (42 DAP) 
F-test 
B 2 -
1 
1 -
PD 2 < 1 <1 ' 4.12 1.15 
Error(l) 4 - 1 -
C 2 91.29** 48.73 **| 2.4 5.64 
PD*C 4 1,62 1 , 5  !  1 . 4 7  1 
Error(2) 12 -
1 
1 -
Corrected 26 -
1 
-
total 1 
i 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table C. I Soil moisture and bulk density before planting for growth chamber study 1 
1994 
No Block Planting date Depth Frequency MC 
(%) 
BD 
(Mg/m^) 
1 BI 04/29/94 D1 3 32.13 1.08 
2 B1 04/29/94 D2 3 34.59 1.20 
3 B2 04/29/94 D1 3 30.92 1.05 
4 B2 04/29/94 D2 3 32.57 1.20 
5 B3 04/29/94 D1 3 22.56 1.28 
6 B3 04/29/94 D2 3 24.97 1.49 
7 Bl 05/05/94 D1 3 29.28 1.09 
8 Bl 05/05/94 D2 3 32.87 1.37 
9 B2 05/05/94 D1 3 28.26 1.00 
10 B2 05/05/94 D2 3 33.60 1.30 
11 B3 05/05/94 D1 3 28.38 1.28 
12 B3 05/05/94 D2 3 31.50 1.47 
13 Bl 05/12/94 D1 3 24.49 1.11 
14 Bl 05/12/94 D2 3 32.55 1.33 
15 B2 05/12/94 D1 3 21.94 1.00 
16 B2 05/12/94 D2 3 30.70 1.21 
17 B3 05/12/94 D1 3 21.95 1.23 
18 B3 05/12/94 D2 3 27.77 1.48 
19 Bl 06/06/94 D1 3 27.54 1.01 
20 Bl 06/06/94 D2 3 34.18 1.25 
21 B2 06/06/94 D1 3 26.89 1.11 
22 B2 06/06/94 D2 3 31.53 1.27 
23 B3 06/06/94 D1 3 24.11 1.16 
24 B3 06/06/94 D2 3 27.97 1.32 
25 Bl 06/08/94 D1 3 33.05 0.99 
26 Bl 06/08/94 D2 3 36.11 1.23 
27 B2 06/08/94 D1 3 30.18 1.09 
28 B2 06/08/94 D2 3 31.94 1.26 
29 B3 06/08/94 D1 3 22.94 1.23 
30 B3 06/08/94 D2 3 24.37 1.35 
31 Bl 07/07/94 D1 3 28.62 1.02 
32 Bl 07/07/94 D2 3 33.86 1.18 
33 B2 07/07/94 D1 3 25.20 1.00 
34 B2 07/07/94 D2 3 32.19 1.18 
35 B3 07/07/94 D1 3 18.89 1.25 
36 B3 07/07/94 D2 3 16.57 1.44 
37 Bl 07/15/94 D1 3 30.52 0.89 
38 Bl 07/15/94 D2 3 34.89 1.16 
39 B2 07/15/94 D1 3 29.30 1.09 
40 B2 07/15/94 D2 3 33.48 1.20 
41 B3 07/15/94 D1 3 27.14 1.06 
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Table C. 1 (Continued) 
No Block Planting date Depth Frequency MC 
(%) 
BD 
(Mg/m^) 
42 B3 07/15/94 D2 3 28.50 1.29 
43 Bl 07/22/94 Dl 3 27.15 0.97 
44 Bl 07/22/94 D2 3 36.36 1.18 
45 B2 07/22/94 Dl 3 24.44 1.01 
46 B2 07/22/94 D2 3 31.15 1.22 
47 B3 07/22/94 Dl 3 16.71 1.14 
48 B3 07/22/94 D2 3 20.61 1.34 
49 Bl 08/11/94 Dl 3 32.20 1.03 
50 Bl 08/11/94 D2 3 34.97 1.24 
51 B2 08/11/94 Dl 3 30.60 1.10 
52 B2 08/11/94 D2 3 32.61 1.21 
53 B3 08/11/94 Dl 3 22.87 1.20 
54 B3 08/11/94 D2 3 24.20 1.25 
Bl, B2, B3=Replications 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
MC=Moisture content 
BD=Bulk density 
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Table C.2 Soil bulk density after planting and moisture content 28 days after planting for 
growth chamber study 1, 1994 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
Frequency BD 
(Mg/m^) 
1 El 04/29/94 CO D1 3 20,82 6 1.08 
2 B1 04/29/94 CO D2 3 22.66 6 1.23 
3 El 04/29/94 CI D1 3 18.83 6 1.13 
4 El 04/29/94 CI D2 3 21.65 6 1.28 
5 B1 04/29/94 C3 D1 3 18.46 6 1.02 
6 B1 04/29/94 C3 D2 3 23.49 6 1.23 
7 B2 04/29/94 CO D1 3 18.28 6 1.16 
8 B2 04/29/94 CO D2 3 21.00 6 1.35 
9 B2 04/29/94 CI D1 3 19.54 6 1.06 
10 E2 04/29/94 CI D2 3 19.52 6 1.26 
11 B2 04/29/94 C3 D1 3 15.64 6 1.02 
12 E2 04/29/94 C3 D2 3 17.74 6 1.24 
13 B3 04/29/94 CO D1 3 9.87 6 1.23 
14 B3 04/29/94 CO D2 3 11.80 6 1.45 
15 B3 04/29/94 CI D1 3 11.52 6 1.19 
16 B3 04/29/94 CI D2 3 13.04 6 1.48 
17 B3 04/29/94 C3 D1 3 9.08 6 1.19 
18 B3 04/29/94 C3 D2 3 12.97 6 1.48 
19 B1 05/05/94 CO D1 3 14.99 6 1.04 
20 B1 05/05/94 CO D2 3 20.63 6 1.20 
21 B1 05/05/94 CI D1 3 18.36 6 1.09 
22 B1 05/05/94 CI D2 3 22.62 6 1.30 
23 El 05/05/94 C3 D1 3 19.73 6 0.95 
24 El 05/05/94 C3 D2 3 24.23 6 1.24 
25 E2 05/05/94 CO D1 3 20.90 6 1.06 
26 E2 05/05/94 CO D2 3 23.94 6 1.37 
27 E2 05/05/94 CI D1 3 24.20 6 1.11 
28 B2 05/05/94 CI D2 3 32.20 6 1.28 
29 E2 05/05/94 C3 D1 3 22.98 6 0.95 
30 B2 05/05/94 C3 D2 3 24.96 6 1.19 
31 B3 05/05/94 CO D1 3 15.51 6 1.14 
32 B3 05/05/94 CO D2 3 17.97 6 1.24 
33 B3 05/05/94 CI D1 3 14.68 6 1.15 
34 B3 05/05/94 CI D2 3 17.85 6 1.27 
35 B3 05/05/94 C3 D1 3 14.86 6 1.01 
36 B3 05/05/94 C3 D2 3 18.61 6 1.19 
37 B1 05/12/94 CO D1 3 16.82 6 1.03 
38 El 05/12/94 CO D2 3 21.94 6 1.25 
39 El 05/12/94 CI D1 3 18.70 6 1.06 
40 El 05/12/94 CI D2 3 23.13 6 1.26 
41 El 05/12/94 C3 D1 3 16.65 6 0.91 
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Table C.2 (Continued) 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
Frequency BD 
(Mg/m^) 
42 B1 05/12/94 C3 D2 3 22.70 6 1.09 
43 B2 05/12/94 CO D1 3 18.25 6 1.15 
44 B2 05/12/94 CO D2 3 21.47 6 1.25 
45 B2 05/12/94 CI D1 3 17.76 6 1.15 
46 B2 05/12/94 CI D2 3 21.24 6 1.28 
47 B2 05/12/94 C3 D1 3 21.71 6 0.98 
48 B2 05/12/94 C3 D2 3 23.35 6 1.15 
49 B3 05/12/94 CO D1 3 14.50 6 1.07 
50 B3 05/12/94 CO D2 3 15.78 6 1.33 
51 B3 05/12/94 CI DI 3 12.46 6 1.12 
52 B3 05/12/94 CI D2 3 14.15 6 1.33 
53 B3 05/12/94 C3 Dl 3 12.54 6 1.05 
54 B3 05/12/94 C3 D2 3 16.51 6 1.27 
55 B1 06/06/94 CO Dl 3 20.78 3 0.94 
56 B1 06/06/94 CO D2 3 26.95 3 1.16 
57 B1 06/06/94 CI Dl 3 25.49 3 0.92 
58 B1 06/06/94 CI D2 3 23.39 3 1.23 
59 B1 06/06/94 C3 Dl 3 21.75 3 0.91 
60 B1 06/06/94 C3 D2 3 22.53 3 1.19 
61 B2 06/06/94 CO Dl 3 18.61 3 0.97 
62 B2 06/06/94 CO D2 3 20.29 3 1.15 
63 B2 06/06/94 CI Dl 3 16.50 3 0.91 
64 B2 06/06/94 CI D2 3 19.87 3 1.21 
65 B2 06/06/94 C3 Dl 3 17.66 3 0.89 
66 B2 06/06/94 C3 D2 3 21.91 3 1.16 
67 B3 06/06/94 CO Dl 3 19.10 3 1.12 
68 B3 06/06/94 CO D2 3 21.96 3 1.27 
69 B3 06/06/94 CI Dl 3 19.22 3 1.07 
70 B3 06/06/94 CI D2 3 21.18 3 1.27 
71 B3 06/06/94 C3 Dl 3 19.38 3 0.93 
72 B3 06/06/94 C3 D2 3 22.85 3 1.10 
73 B1 06/08/94 CO Dl 3 21.90 3 0.92 
74 B1 06/08/94 CO D2 3 23.57 3 1.13 
75 B1 06/08/94 CI Dl 3 23.30 3 1.04 
76 B1 06/08/94 CI D2 3 23.67 3 1.19 
77 B1 06/08/94 C3 Dl 3 21.85 3 0.87 
78 B1 06/08/94 C3 D2 3 24.39 3 1.24 
79 B2 06/08/94 CO Dl 3 17.04 3 0.99 
80 B2 06/08/94 CO D2 3 44.61 3 1.23 
81 B2 06/08/94 CI Dl 3 19.12 3 1.06 
82 B2 06/08/94 CI D2 3 20.09 3 1.24 
83 B2 06/08/94 C3 Dl 3 16.68 3 0.96 
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Table C.2 (Continued) 
No Block Planting Coulter Depth Frequency MC Frequency BD 
date (%) (Mg/m') 
84 B2 06/08/94 C3 D2 3 19.57 3 1.06 
85 B3 06/08/94 CO D1 3 11.01 3 1.17 
86 B3 06/08/94 CO D2 3 13.63 3 1.43 
87 B3 06/08/94 CI D1 3 12.29 3 1.29 
88 B3 06/08/94 CI D2 3 14.89 3 1.45 
89 B3 06/08/94 C3 D1 3 11.93 3 1.17 
90 B3 06/08/94 C3 D2 3 16.18 3 1.40 
91 B1 07/07/94 CO D1 3 22.39 3 0.91 
92 B1 07/07/94 CO D2 3 26.79 3 1.05 
93 B1 07/07/94 CI D1 3 18.72 3 0.93 
94 B1 07/07/94 CI D2 3 38,94 3 1.16 
95 B1 07/07/94 C3 D1 3 20.07 3 0.91 
96 B1 07/07/94 C3 D2 3 37.64 3 1.25 
97 B2 07/07/94 CO D1 3 18.52 3 0.98 
98 B2 07/07/94 CO D2 3 19.98 3 1.19 
99 B2 07/07/94 CI D1 3 16,04 3 1.01 
100 B2 07/07/94 CI D2 3 18.35 3 1.21 
101 B2 07/07/94 C3 D1 3 16,25 3 0.91 
102 B2 07/07/94 C3 D2 3 19.37 3 1.28 
103 B3 07/07/94 CO D1 3 21.13 3 1.05 
104 B3 07/07/94 CO D2 3 23,32 3 1.26 
105 B3 07/07/94 CI D1 3 20,04 3 1.09 
106 B3 07/07/94 CI D2 3 22.31 3 1.36 
107 B3 07/07/94 C3 D1 3 19.43 3 1.09 
108 B3 07/07/94 C3 D2 3 23.39 3 1.21 
109 B1 07/15/94 CO D1 3 15.17 3 0.86 
110 B1 07/15/94 CO D2 3 20.18 3 1.08 
111 B1 07/15/94 CI D1 3 18.44 3 0.93 
112 B1 07/15/94 CI D2 3 20.84 3 1.20 
113 B1 07/15/94 C3 D1 3 16.97 3 0.94 
114 B1 07/15/94 C3 D2 3 23.50 3 1.19 
115 82 07/15/94 CO D1 3 14.47 3 0.93 
116 82 07/15/94 CO D2 3 18.60 3 1.08 
117 82 07/15/94 CI D1 3 15.63 3 0.92 
118 B2 07/15/94 CI D2 3 18.69 3 1.25 
119 82 07/15/94 C3 D1 3 11.26 3 0.83 
120 82 07/15/94 C3 D2 3 17.78 3 1.17 
121 B3 07/15/94 CO D1 3 11,66 3 0.95 
122 83 07/15/94 CO D2 3 13.79 3 1.24 
123 83 07/15/94 CI D1 3 12.74 3 0.99 
124 83 07/15/94 CI D2 3 15.83 3 1.23 
125 83 07/15/94 C3 D1 3 11.91 3 0.95 
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Table C.2 (Continued) 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
Frequency BD 
(Mg/m') 
126 B3 07/15/94 C3 D2 3 16.33 3 1.11 
127 Bl 07/22/94 CO Dl 3 24.16 3 1.00 
128 Bl 07/22/94 CO D2 3 27.97 3 1.16 
129 Bl 07/22/94 CI Dl 3 22.25 3 0.88 
130 Bl 07/22/94 CI D2 3 29.56 3 1.15 
131 Bl 07/22/94 C3 Dl 3 25.33 3 0.89 
132 Bl 07/22/94 C3 D2 3 27.47 3 1.07 
133 B2 07/22/94 CO Dl 3 21.50 3 0.99 
134 B2 07/22/94 CO D2 3 25.16 3 1.20 
135 B2 07/22/94 CI Dl 3 24.13 3 0.96 
136 B2 07/22/94 CI D2 3 25.86 3 1.27 
137 B2 07/22/94 C3 Dl 3 19.03 3 0.96 
138 B2 07/22/94 C3 D2 3 23.69 3 1.15 
139 B3 07/22/94 CO Dl 3 12.97 3 1.23 
140 B3 07/22/94 CO D2 3 13.98 3 1.48 
141 B3 07/22/94 CI Dl 3 14.32 3 1.01 
142 B3 07/22/94 CI D2 3 16.77 3 1.40 
143 B3 07/22/94 C3 Dl 3 15.72 3 1.07 
144 B3 07/22/94 C3 D2 3 18.97 3 1.44 
145 Bl 08/11/94 CO Dl 3 21.22 3 0.98 
146 Bl 08/11/94 CO D2 3 25.54 3 1.07 
147 Bl 08/11/94 CI Dl 3 22.10 3 0.98 
148 Bl 08/11/94 CI D2 3 23.45 3 1.23 
149 Bl 08/11/94 C3 Dl 3 23.14 3 0.92 
150 Bl 08/11/94 C3 D2 3 22.71 3 1.17 
151 B2 08/11/94 CO Dl 3 18.26 3 1.00 
152 B2 08/11/94 CO D2 3 20.78 3 1.24 
153 B2 08/11/94 CI Dl 3 21.63 3 1.12 
154 B2 08/11/94 CI D2 3 22.45 3 1.30 
155 B2 08/11/94 C3 Dl 3 19.62 3 1.04 
156 82 08/11/94 C3 D2 3 22.60 3 1.29 
157 B3 08/11/94 CO Dl 3 16.56 3 1.18 
158 B3 08/11/94 CO D2 3 16.35 3 1.32 
159 B3 08/11/94 CI Dl 3 14.20 3 1.22 
160 B3 08/11/94 CI D2 3 17.26 3 1.38 
161 B3 08/11/94 C3 Dl 3 15.39 3 1.03 
162 B3 08/11/94 C3 D2 3 18.32 3 1.25 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single ofiFset bubble coulter, and Triple offset fluted coulter 
treatments respectively 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
MC=Moisture content 
BD=Bulk density 
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Table C.3 Air permeability after planting for growth chamber study 1, (1994) 
No Block Planting 
date 
Coulter Frequency Permeability 
(X E-11 m^) 
1 B1 04/29/94 CO 3 7.57 
2 HI 04/29/94 CI 3 12.00 
3 El 04/29/94 C3 3 16.00 
4 B2 04/29/94 CO 3 4.40 
5 B2 04/29/94 CI 3 5.83 
6 B2 04/29/94 C3 3 14.33 
7 B3 04/29/94 CO 3 3.40 
8 B3 04/29/94 CI 3 3.97 
9 B3 04/29/94 C3 3 14.00 
10 B1 05/05/94 CO 3 7.33 
11 B1 05/05/94 CI 3 6.67 
12 B1 05/05/94 C3 3 0.00 
13 B2 05/05/94 CO 3 12.67 
14 B2 05/05/94 CI 3 0,00 
15 B2 05/05/94 C3 3 0.00 
16 B3 05/05/94 CO 3 8.00 
17 B3 05/05/94 CI 3 15.00 
18 B3 05/05/94 C3 3 6.33 
19 B1 05/12/94 CO 3 16.33 
20 B1 05/12/94 CI 3 10.23 
21 B1 05/12/94 C3 3 15.33 
22 B2 05/12/94 CO 3 13.00 
23 B2 05/12/94 CI 3 19.33 
24 B2 05/12/94 C3 3 0.00 
25 B3 05/12/94 CO 3 9.93 
26 B3 05/12/94 CI 3 13.00 
27 B3 05/12/94 C3 3 13.67 
28 B1 06/06/94 CO 3 1.68 
29 El 06/06/94 CI 3 5.27 
30 B1 06/06/94 C3 3 8.29 
31 E2 06/06/94 CO 3 2.04 
32 B2 06/06/94 CI 3 7.30 
33 B2 06/06/94 C3 3 10.57 
34 B3 06/06/94 CO 3 1.68 
35 E3 06/06/94 CI 3 2.93 
36 E3 06/06/94 C3 3 4.50 
37 B1 06/08/94 CO 3 2.67 
38 El 06/08/94 CI 3 4.98 
39 El 06/08/94 C3 3 8.00 
40 B2 06/08/94 CO 3 1.23 
41 E2 06/08/94 CI 3 2.15 
42 B2 06/08/94 C3 3 4.12 
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Table C. 3 (Continued) 
No Block Planting 
date 
Coulter Frequency Permeability 
(X E-11 m^) 
43 B3 06/08/94 CO 3 1.06 
44 B3 06/08/94 CI 3 1.39 
45 B3 06/08/94 C3 3 2.10 
46 Bl 07/07/94 CO 3 8.94 
47 Bl 07/07/94 CI 3 17.04 
48 Bl 07/07/94 C3 3 66.54 
49 B2 07/07/94 CO 3 7.30 
50 B2 07/07/94 CI 3 12.64 
51 B2 07/07/94 C3 3 17.28 
52 B3 07/07/94 CO 3 6.15 
53 B3 07/07/94 CI 3 8.84 
54 B3 07/07/94 C3 3 16.32 
55 Bl 07/15/94 CO 3 5.15 
56 Bl 07/15/94 CI 3 10.91 
57 Bl 07/15/94 C3 3 20.30 
58 B2 07/15/94 CO 3 3.36 
59 B2 07/15/94 CI 3 3.44 
60 B2 07/15/94 C3 3 25.17 
61 B3 07/15/94 CO 3 4.07 
62 B3 07/15/94 CI 3 3.36 
63 B3 07/15/94 C3 3 21.23 
64 Bl 07/22/94 CO 3 6.25 
65 Bl 07/22/94 CI 3 8.56 
66 Bl 07/22/94 C3 3 19.94 
67 B2 07/22/94 CO 3 3.07 
68 B2 07/22/94 CI 3 4.59 
69 B2 07/22/94 C3 3 11.34 
70 B3 07/22/94 CO 3 3.16 
71 B3 07/22/94 CI 3 4.02 
72 B3 07/22/94 C3 3 6.65 
73 Bl 08/11/94 CO 3 4.63 
74 Bl 08/11/94 CI 3 5.94 
75 Bl 08/11/94 C3 3 22.32 
76 B2 08/11/94 CO 3 3.69 
77 B2 08/11/94 CI 3 7.58 
78 B2 08/11/94 C3 3 16.75 
79 B3 08/11/94 CO 3 3.95 
80 B3 08/11/94 CI 3 4.15 
SI B3 08/11/94 C3 3 9.35 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter and Triple offset fluted coulter treatment 
respectively 
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Table C.4 Emergence rate index and percent emergence for growth chamber study 1, 
1994 
No Block Planting Coulter Frequency ERIG Emergence 
date (%) 
1 B1 04/29/94 CO 1 12.19 100.00 
2 El 04/29/94 CI 1 13.58 100.00 
3 HI 04/29/94 C3 1 12.47 100.00 
4 B2 04/29/94 CO 1 14.29 100.00 
5 B2 04/29/94 CI 1 13.05 100.00 
6 B2 04/29/94 C3 1 9.38 100.00 
7 B3 04/29/94 CO 1 6.39 75.00 
8 B3 04/29/94 CI 1 11.69 75.00 
9 B3 04/29/94 C3 1 9.87 100.00 
10 B1 05/05/94 CO 1 13.69 100.00 
11 B1 05/05/94 CI 1 15.55 100.00 
12 B1 05/05/94 C3 1 13.52 100.00 
13 B2 05/05/94 CO 1 11.85 100.00 
14 B2 05/05/94 CI 1 15.48 100.00 
15 B2 05/05/94 C3 1 13.39 100.00 
16 B3 05/05/94 CO 1 12.38 100.00 
17 B3 05/05/94 CI 1 15.05 100.00 
18 B3 05/05/94 C3 1 11.18 100.00 
19 B1 05/12/94 CO 1 15.89 100.00 
20 B1 05/12/94 CI 1 17.76 100.00 
21 B1 05/12/94 C3 1 15.65 100.00 
22 B2 05/12/94 CO 1 14.37 100.00 
23 B2 05/12/94 CI 1 18.00 100.00 
24 B2 05/12/94 C3 1 16.19 100.00 
25 B3 05/12/94 CO 1 15.19 100.00 
26 B3 05/12/94 CI 1 16.94 100.00 
27 B3 05/12/94 C3 1 13.84 100.00 
28 B1 06/06/94 CO 1 13.27 100.00 
29 B1 06/06/94 CI 1 14.95 100.00 
30 B1 06/06/94 C3 1 12.81 100.00 
31 B2 06/06/94 CO 1 13.39 100.00 
32 B2 06/06/94 CI 1 15.36 100.00 
33 B2 06/06/94 C3 1 13.54 100.00 
34 B3 06/06/94 CO 1 13.84 100.00 
35 B3 06/06/94 CI 1 14.78 100.00 
36 B3 06/06/94 C3 1 13.86 100.00 
37 B1 06/08/94 CO 1 12.72 100.00 
38 B1 06/08/94 CI 1 13.99 100.00 
39 B1 06/08/94 C3 1 13.14 100.00 
40 B2 06/08/94 CO 1 13.39 100.00 
41 B2 06/08/94 CI 1 14.52 100.00 
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Table C. 4 (Continued) 
No Block Planting 
date 
Coulter Frequency ERIG Emergence 
(%) 
42 32 06/08/94 C3 1 11.40 100.00 
43 B3 06/08/94 CO 1 13.17 100.00 
44 B3 06/08/94 CI 1 13.93 100.00 
45 B3 06/08/94 C3 1 11.66 100.00 
46 Bl 07/07/94 CO 1 15.97 100.00 
47 Bl 07/07/94 CI 1 16.98 100.00 
48 Bl 07/07/94 C3 1 15.08 100.00 
49 B2 07/07/94 CO 1 12.95 100.00 
50 B2 07/07/94 CI 1 15.03 100.00 
51 B2 07/07/94 C3 1 14.66 100.00 
52 B3 07/07/94 CO 1 11.98 100.00 
53 B3 07/07/94 CI 1 16.83 100.00 
54 B3 07/07/94 C3 1 14.03 100.00 
55 Bl 07/15/94 CO 1 14.44 100.00 
56 Bl 07/15/94 CI 1 14.70 100.00 
57 Bl 07/15/94 C3 1 14.40 100.00 
58 B2 07/15/94 CO 1 13.52 100.00 
59 B2 07/15/94 CI 1 15.00 100.00 
60 B2 07/15/94 C3 1 13.27 100.00 
61 B3 07/15/94 CO 1 13.29 100.00 
62 B3 07/15/94 CI 1 13.27 100.00 
63 B3 07/15/94 C3 1 13.27 100.00 
64 Bl 07/22/94 CO 1 17.10 88.88 
65 Bl 07/22/94 CI 1 17.76 100.00 
66 Bl 07/22/94 C3 1 16.55 100.00 
67 B2 07/22/94 CO 1 17.74 66.67 
68 B2 07/22/94 CI 1 17.16 100.00 
69 B2 07/22/94 C3 1 16.21 87.50 
70 B3 07/22/94 CO 1 13.39 100.00 
71 B3 07/22/94 CI 1 16.27 100.00 
72 B3 07/22/94 C3 1 14.58 100.00 
73 Bl 08/11/94 CO 1 14.76 100.00 
74 Bl 08/11/94 CI 1 16.46 100.00 
75 Bl 08/11/94 C3 1 14.19 100.00 
76 B2 08/11/94 CO 1 15.05 100.00 
77 B2 08/11/94 CI 1 14.85 100.00 
78 B2 08/11/94 C3 1 12.51 100.00 
79 B3 08/11/94 CO 1 14.63 100.00 
80 B3 08/11/94 CI 1 15.48 100.00 
81 B3 08/11/94 C3 1 14.85 100.00 
Bl, B2, B3=Replications; 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment respectively 
ERIG=Emergence rate index in growth chamber 
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Table C.5 Penetration resistance 28 days after planting below seed level and in 
the sidewall for growth chamber study 1, 1994 
No Block Planting Coulter Frequency VPR SPR 
date (kPa) (kPa) 
1 B1 04/29/94 CO 3 2203.7 3767.2 
2 B1 04/29/94 CI 3 2109.3 2717.8 
3 BI 04/29/94 C3 3 1679.0 1322.2 
4 B2 04/29/94 CO 3 2025.3 2686.4 
5 B2 04/29/94 CI 3 2833.3 3683.2 
6 B2 04/29/94 C3 3 1983.3 2644.4 
7 B3 04/29/94 CO 3 5624.6 3567.9 
8 B3 04/29/94 CI 3 3683.3 3672.8 
9 B3 04/29/94 C3 3 2434.5 2266.6 
10 Bl 05/05/94 CO 3 2329.6 3389.4 
11 Bl 05/05/94 CI 3 3221.6 4134.5 
12 Bl 05/05/94 C3 3 1626.5 1706.3 
13 B2 05/05/94 CO 3 2046.3 2497.5 
14 B2 05/05/94 CI 3 2434.5 2224.7 
15 B2 05/05/94 C3 3 2056.8 881.4 
16 B3 05/05/94 CO 3 3179.5 2539.5 
17 B3 05/05/94 CI 3 4124.0 3169.1 
18 B3 05/05/94 C3 3 4218.4 2203.7 
19 Bl 05/12/94 CO 3 2077.7 3337.0 
20 Bl 05/12/94 CI 3 2266.6 2770.3 
21 Bl 05/12/94 C3 3 2182.7 1122.8 
22 B2 05/12/94 CO 3 3525.8 4050.5 
23 B2 05/12/94 CI 3 3200.6 2948.7 
24 B2 05/12/94 C3 3 2182.7 1762.9 
25 B3 05/12/94 CO 3 3242.6 2854.3 
26 B3 05/12/94 CI 3 4743.1 3998.1 
27 B3 05/12/94 C3 3 2172.2 1878.4 
28 Bl 06/06/94 CO 3 2833.3 2340.1 
29 Bl 06/06/94 CI 3 3064.1 3473.4 
30 Bl 06/06/94 C3 3 954.9 1699.9 
31 B2 06/06/94 CO 3 2392.6 3032.6 
32 B2 06/06/94 CI 3 2602.4 3998.0 
33 B2 06/06/94 C3 3 1909.8 1867.9 
34 B3 06/06/94 CO 3 2256.1 2539.5 
35 B3 06/06/94 CI 3 2717.9 3085.1 
36 B3 06/06/94 C3 3 1259.2 2319.1 
37 Bl 06/08/94 CO 3 2885.7 2382.1 
38 Bl 06/08/94 CI 3 3924.6 2707.4 
39 Bl 06/08/94 C3 3 2434.5 1763.0 
40 B2 06/08/94 CO 3 3242.6 2529.0 
41 B2 06/08/94 CI 3 4061.0 3232.0 
42 B2 06/08/94 C3 3 2885.7 1867.9 
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Table C.5 (Continued) 
No Block Planting Coulter Frequency VPR SPR 
date (kPa) (kPa) 
43 B3 06/08/94 CO 3 4995.0 3379.0 
44 B3 06/08/94 CI 3 6180.8 4858.6 
45 B3 06/08/94 C3 3 2340.1 1133.3 
46 Bl 07/07/94 CO 3 2161.7 1836.4 
47 Bl 07/07/94 CI 3 2654.9 2466.0 
48 Bl 07/07/94 C3 3 1993.8 1290.7 
49 B2 07/07/94 CO 3 3893.1 3032.6 
50 B2 07/07/94 CI 3 3882.7 4879.5 
51 B2 07/07/94 C3 3 2686.4 1878.3 
52 B3 07/07/94 CO 3 2508.0 2812.3 
53 B3 07/07/94 CI 3 3032.6 3851.1 
54 B3 07/07/94 C3 3 2329.6 2098.7 
55 Bl 07/15/94 CO 3 4743.1 4638.2 
56 Bl 07/15/94 CI 3 6590.0 5561.6 
57 Bl 07/15/94 C3 3 3525.8 2256.1 
58 B2 07/15/94 CO 3 6464.1 6254.2 
59 B2 07/15/94 CI 3 7639.4 4470.3 
60 B2 07/15/94 C3 3 5803.0 2518.5 
61 B3 07/15/94 CO 3 9014.0 4522.8 
62 B3 07/15/94 CI 3 6852.3 3777.7 
63 B3 07/15/94 C3 3 4092.5 4061.1 
64 Bl 07/22/94 CO 3 2098.7 1941.3 
65 Bl 07/22/94 CI 3 2591.9 2539.4 
66 Bl 07/22/94 C3 3 1930.8 1668.5 
67 B2 07/22/94 CO 3 2067.2 1626.5 
68 B2 07/22/94 CI 3 2959.2 2077.8 
69 B2 07/22/94 C3 3 1920.3 1301.2 
70 B3 07/22/94 CO 3 3085.1 2591.9 
71 B3 07/22/94 CI 3 4386.4 3599.3 
72 B3 07/22/94 C3 3 2109.2 1574.0 
73 Bl 08/11/94 CO 3 3200.6 3221.5 
74 Bl 08/11/94 CI 3 3672.8 3956.1 
75 Bl 08/11/94 C3 3 2885.7 2644.4 
76 B2 08/11/94 CO 3 2959.2 3169.1 
77 32 08/11/94 CI 3 3127.1 3662.3 
78 B2 08/11/94 C3 3 2623,4 2151.2 
79 B3 08/11/94 CO 3 3777.7 3882.6 
80 B3 08/11/94 CI 3 5141.9 5351.8 
81 B3 08/11/94 C3 3 2833.3 2298.1 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
VPR=Vertical penetration resistance below seed level 
SPR=Sidewall penetration resistance 
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Table C.6 Plant dry matter weight 28 days after planting for growth chamber study 1, 
1994 
No Block Planting Coulter Frequency IFPER TPL TIFOFO SHWTO 
date (mg) (mg) (mg) 
1 B1 04/29/94 CO 1 81.8 350.0 110.0 240,0 
2 HI 04/29/94 CI 1 70.0 310.0 100.0 210.0 
3 B1 04/29/94 C3 1 80.0 370.0 100.0 270.0 
4 B2 04/29/94 CO 1 60.0 420.0 100.0 320.0 
5 B2 04/29/94 CI 1 57.1 400.0 140.0 260.0 
6 B2 04/29/94 C3 1 72.7 230.0 110.0 120.0 
7 B3 04/29/94 CO 1 87.5 180.0 80.0 100.0 
8 B3 04/29/94 CI 1 71.4 270.0 70.0 200.0 
9 B3 04/29/94 C3 1 83,3 290.0 120,0 170,0 
10 B1 05/05/94 CO 1 76.5 720.0 170.0 550,0 
11 B1 05/05/94 CI 1 70.0 740.0 200.0 540,0 
12 B1 05/05/94 C3 1 64.7 730.0 170.0 560,0 
13 B2 05/05/94 CO 1 75.0 510.0 120.0 390,0 
14 B2 05/05/94 CI 1 75.0 730.0 160.0 570,0 
15 B2 05/05/94 C3 1 47.1 540.0 170.0 370.0 
16 B3 05/05/94 CO 1 69.2 470.0 130.0 340.0 
17 B3 05/05/94 CI 1 64.3 610.0 140.0 470.0 
18 B3 05/05/94 C3 1 83.3 320.0 120.0 200.0 
19 B1 05/12/94 CO 1 71.4 330.0 70.0 260.0 
20 B1 05/12/94 CI 1 87.5 440.0 80.0 360.0 
21 B1 05/12/94 C3 1 85.7 290.0 70,0 220.0 
22 B2 05/12/94 CO 1 66.7 350.0 60,0 290.0 
23 B2 05/12/94 CI 1 75.0 510.0 80,0 430.0 
24 B2 05/12/94 C3 1 83.3 280.0 60,0 220.0 
25 B3 05/12/94 CO 1 71.4 410.0 70,0 340.0 
26 B3 05/12/94 CI 1 85.7 400.0 70.0 330.0 
27 B3 05/12/94 C3 1 80.0 390.0 100.0 290.0 
28 B1 06/06/94 CO 1 77.8 490.0 90.0 400.0 
29 B1 06/06/94 CI 1 58.3 800.0 120.0 680.0 
30 B1 06/06/94 C3 1 54.5 680.0 110.0 570.0 
31 B2 06/06/94 CO 1 80.0 420.0 50.0 370.0 
32 B2 06/06/94 CI 1 55.6 920.0 180.0 740.0 
33 B2 06/06/94 C3 1 50.0 570.0 100.0 470.0 
34 B3 06/06/94 CO 1 50.0 610.0 120.0 490.0 
35 B3 06/06/94 CI 1 75.0 740.0 120.0 620.0 
36 B3 06/06/94 C3 1 66.7 280.0 30,0 250.0 
37 B1 06/08/94 CO 1 60.0 520.0 50,0 470.0 
38 B1 06/08/94 CI 1 57.1 620.0 70,0 550.0 
39 B1 06/08/94 C3 1 57.1 370.0 70.0 300,0 
40 B2 06/08/94 CO 1 66.7 580.0 90.0 490.0 
41 B2 06/08/94 CI 1 50.0 750.0 120.0 630.0 
42 B2 06/08/94 C3 1 50.0 400.0 80.0 320.0 
43 B3 06/08/94 CO 1 60.0 360.0 50.0 310.0 
44 B3 06/08/94 CI 1 71.4 460.0 70.0 390.0 
45 B3 06/08/94 C3 1 66.7 370.0 90.0 280.0 
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Table C.6 (Continued) 
No Block Planting Coulter Frequency IFPER TPL TIFOFO SHWTO 
date (mg) (mg) (mg) 
46 Bl 07/07/94 CO 1 63.6 750.0 110.0 640.0 
47 Bl 07/07/94 CI 1 62.5 490.0 80.0 410.0 
48 Bl 07/07/94 C3 1 60.0 610.0 100.0 510.0 
49 B2 07/07/94 CO 1 66.7 490.0 90.0 400.0 
50 B2 07/07/94 CI 1 82.4 570.0 170.0 400.0 
51 B2 07/07/94 C3 1 64.3 600.0 140.0 460.0 
52 B3 07/07/94 CO 1 57.1 430.0 70.0 360.0 
53 B3 07/07/94 CI 1 69.2 1090.0 130.0 960.0 
54 B3 07/07/94 C3 1 82.1 850.0 280.0 570.0 
55 Bl 07/15/94 CO 1 58.3 670.0 120.0 550.0 
56 Bl 07/15/94 CI 1 60.0 750.0 150.0 600.0 
57 Bl 07/15/94 C3 1 50.0 490.0 80.0 410.0 
58 B2 07/15/94 CO 1 60.0 420.0 100.0 320.0 
59 B2 07/15/94 CI 1 63.6 630.0 110.0 520.0 
60 B2 07/15/94 C3 1 50.0 540.0 120.0 420.0 
61 B3 07/15/94 CO 1 72.7 520.0 110.0 410.0 
62 B3 07/15/94 CI 1 61.5 180.0 130.0 50.0 
63 B3 07/15/94 C3 1 66.7 560.0 150.0 410.0 
64 Bl 07/22/94 CO 1 76.9 410.0 130.0 280.0 
65 Bl 07/22/94 CI 1 57,1 590.0 140.0 450.0 
66 Bl 07/22/94 C3 1 33.3 750.0 150.0 600.0 
67 B2 07/22/94 CO 1 66.7 420.0 120.0 300.0 
68 B2 07/22/94 CI 1 60,0 480.0 150.0 330.0 
69 B2 07/22/94 C3 1 37,5 560.0 160.0 400.0 
70 B3 07/22/94 CO 1 72.7 220.0 110.0 110.0 
71 B3 07/22/94 CI 1 57.1 390.0 140.0 250.0 
72 B3 07/22/94 C3 1 30.8 540.0 130.0 410.0 
73 Bl 08/11/94 CO 1 60.0 650.0 150.0 500.0 
74 Bl 08/11/94 CI 1 56.3 630.0 160.0 470.0 
75 Bl 08/11/94 C3 1 57.1 430.0 140.0 290.0 
76 B2 08/11/94 CO 1 75.0 590.0 160.0 430.0 
77 B2 08/11/94 CI 1 58.3 460.0 120.0 340.0 
78 B2 08/11/94 C3 1 64.3 430.0 140.0 290.0 
79 B3 08/11/94 CO 1 54.5 330.0 110.0 220.0 
80 B3 08/11/94 CI 1 72.7 270.0 110.0 160.0 
81 B3 08/11/94 C3 1 46.7 490.0 150.0 340.0 
Bl, B2, B3=Replications 
C0,Cl,C3=No-coulter, Single oflFset bubble coulter, and Triple oflFset fluted coulter treatment 
respectively 
IFPER=ln-funow root dry weight percent of TIFOFO 
TPL=Total plant dry matter weight (shoot and root) for one plant 
TIFOFO=Total in-finow and out of furrow root dry weight for one plant 
SHWTO=Shoot dry matter weight for one plant 
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Table C.7 Soil moisture and bulk density before planting for growth chamber study 2 
1995 
No Block Planting Depth Frequency MC BD 
date {%) (Mfi/m') 
1 B1 05/16/95 D1 3 28.25 1.04 
2 B1 05/16/95 D2 3 30.42 1.14 
3 B2 05/16/95 D1 3 27.33 1.00 
4 B2 05/16/95 D2 3 30.34 1.26 
5 B3 05/16/95 Dl 3 27.82 1.07 
6 B3 05/16/95 D2 3 29.01 1.21 
7 B1 05/24/95 Dl 3 24.81 1.11 
8 B1 05/24/95 D2 3 26.79 1.23 
9 B2 05/24/95 Dl 3 25.88 1.05 
10 32 05/24/95 D2 3 27.40 1.30 
11 B3 05/24/95 Dl 3 25.75 1.01 
12 B3 05/24/95 D2 3 27.76 1.28 
13 B1 05/31/95 Dl 3 24.02 1.09 
14 B1 05/31/95 D2 3 24.58 1.27 
15 B2 05/31/95 Dl 3 25.37 1.05 
16 B2 05/31/95 D2 3 25.90 1.15 
17 B3 05/31/95 Dl 3 24.12 1.02 
18 B3 05/31/95 D2 3 27.12 1.19 
19 B1 06/15/95 Dl 3 25.05 1.00 
20 B1 06/15/95 D2 3 28.34 1.15 
21 B2 06/15/95 Dl 3 23.99 1.06 
22 B2 06/15/95 D2 3 25.48 1.15 
23 B3 06/15/95 Dl 3 26.10 0.98 
24 B3 06/15/95 D2 3 28.90 1.14 
25 B1 06/22/95 Dl 3 20.96 0.97 
26 B1 06/22/95 D2 3 25.66 1.21 
27 B2 06/22/95 Dl 3 19.90 1.09 
28 82 06/22/95 D2 3 22.94 1.16 
29 B3 06/22/95 Dl 3 23.88 1.03 
30 83 06/22/95 D2 3 25.97 1.24 
31 81 06/30/95 Dl 3 26.01 1.02 
32 81 06/30/95 D2 3 29.06 1.12 
33 82 06/30/95 Dl 3 23.26 1.13 
34 82 06/30/95 D2 3 23.72 1.24 
35 83 06/30/95 Dl 3 24.06 1.07 
36 83 06/30/95 D2 3 26.17 1.21 
37 81 07/31/95 Dl 3 16.20 1.12 
38 81 07/31/95 D2 3 21.69 1.25 
39 82 07/31/95 Dl 3 14.72 1.03 
40 82 07/31/95 D2 3 20.17 1.28 
41 83 07/31/95 Dl 3 16.79 1.03 
284 
Table C.7 (Continued) 
No Block Planting Depth Frequency MC BD 
date (%) (Mg/m') 
42 B3 07/31/95 D2 3 21.74 1.26 
43 Bl 08/02/95 Dl 3 26.16 1.02 
44 Bl 08/02/95 D2 3 26.16 1.15 
45 B2 08/02/95 Dl 3 23.35 1.05 
46 B2 08/02/95 D2 3 22.74 1.18 
47 B3 08/02/95 Dl 3 23.94 1.03 
48 B3 08/02/95 D2 3 24.67 1.19 
49 Bl 08/07/95 Dl 3 19.98 1.08 
50 Bl 08/07/95 D2 3 23.64 1.22 
51 B2 08/07/95 Dl 3 18.77 1.02 
52 B2 08/07/95 D2 3 21.69 1.18 
53 B3 08/07/95 Dl 3 19.11 1.07 
54 B3 08/07/95 D2 3 23.92 1.15 
Bl, B2, B3=Replications 
Dl, D2=Depth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
SI, S2, S3=Sample number 
MC=Moisture content 
BD=Bulk density 
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Table C.8 Soil bulk density after planting and moisture content 28 days after planting for 
growth chamber study 2, 1995 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
Frequency BD 
(Mg/m^) 
1 B1 05/16/95 CO D1 2 6.44 3 1.03 
2 81 05/16/95 CO D2 2 10.14 3 1.14 
3 81 05/16/95 CI D1 2 8.77 3 1.03 
4 81 05/16/95 CI D2 2 11.17 3 1.17 
5 81 05/16/95 C3 D1 2 6.82 3 0.94 
6 81 05/16/95 C3 D2 2 10.44 3 1.09 
7 82 05/16/95 CO D1 2 9.78 3 1.03 
8 82 05/16/95 CO D2 2 15.14 3 1.14 
9 82 05/16/95 CI D1 2 6.24 3 1.03 
10 82 05/16/95 CI D2 2 13.05 3 1.17 
11 82 05/16/95 C3 D1 2 8.28 3 0.94 
12 82 05/16/95 C3 D2 2 14,81 3 1.09 
13 83 05/16/95 CO D1 2 6.30 3 1.03 
14 83 05/16/95 CO D2 2 11.28 3 1.14 
15 83 05/16/95 CI D1 2 7.60 3 1.04 
16 83 05/16/95 CI D2 2 12.66 3 1.16 
17 83 05/16/95 C3 D1 2 6.25 3 0.95 
18 83 05/16/95 C3 D2 2 11.84 3 1.08 
19 81 05/24/95 CO D1 2 5.96 3 1.03 
20 81 05/24/95 CO D2 2 10.73 3 1.14 
21 81 05/24/95 CI D1 2 5.45 3 1.03 
22 81 05/24/95 CI D2 2 12.39 3 1.17 
23 81 05/24/95 C3 D1 2 5.71 3 0.94 
24 81 05/24/95 C3 D2 2 12.04 3 1.09 
25 82 05/24/95 CO D1 2 8.24 3 1.01 
26 82 05/24/95 CO D2 2 10.86 3 1.14 
27 82 05/24/95 CI D1 2 7.90 3 1.03 
28 82 05/24/95 CI D2 2 14.12 3 1.17 
29 82 05/24/95 C3 D1 2 6.12 3 0.94 
30 82 05/24/95 C3 D2 2 11.51 3 1.09 
31 83 05/24/95 CO D1 2 7.73 3 1.00 
32 83 05/24/95 CO D2 2 15.24 3 1.14 
33 83 05/24/95 CI D1 2 8.80 3 1.03 
34 83 05/24/95 CI D2 2 17.30 3 1.16 
35 83 05/24/95 C3 D1 2 7.80 3 0.95 
36 83 05/24/95 C3 D2 2 16.69 3 1,08 
37 81 05/31/95 CO D1 2 9.19 3 1.00 
38 81 05/31/95 CO D2 2 14.07 3 1.10 
39 81 05/31/95 CI D1 2 9.73 3 1.03 
40 81 05/31/95 CI D2 2 14.79 3 1.17 
41 81 05/31/95 C3 D1 2 8.88 3 0.94 
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Table C.8 (Continued) 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
Frequency BD 
(Mg/m') 
42 B1 05/31/95 C3 D2 2 14.85 3 1.09 
43 82 05/31/95 CO D1 2 8.93 3 0,99 
44 82 05/31/95 CO D2 2 13.91 3 1.13 
45 82 05/31/95 CI D1 2 9.28 3 1.03 
46 82 05/31/95 CI D2 2 13.18 3 1.19 
47 82 05/31/95 C3 D1 2 9.28 3 0.94 
48 82 05/31/95 C3 D2 2 13.84 3 1.08 
49 83 05/31/95 CO D1 2 8.93 3 0.99 
50 B3 05/31/95 CO D2 2 17.30 3 1.14 
51 83 05/31/95 CI D1 2 7.74 3 1.03 
52 83 05/31/95 CI D2 2 16.87 3 1.19 
53 83 05/31/95 C3 D1 2 9.22 3 0.95 
54 83 05/31/95 C3 D2 2 16.72 3 1.08 
55 81 06/15/95 CO D1 2 11.56 3 0.98 
56 B1 06/15/95 CO D2 2 16.42 3 1.21 
57 81 06/15/95 CI D1 2 12.35 3 1.09 
58 B1 06/15/95 CI D2 2 16.79 3 1.26 
59 81 06/15/95 C3 D1 2 9.67 3 1.00 
60 81 06/15/95 C3 D2 2 13.27 3 1.15 
61 82 06/15/95 CO D1 2 5.79 3 0.99 
62 B2 06/15/95 CO D2 2 10.62 3 1.19 
63 82 06/15/95 CI D1 2 7.23 3 1.09 
64 82 06/15/95 CI D2 2 11.78 3 1.25 
65 82 06/15/95 C3 D1 2 6.98 3 1.01 
66 82 06/15/95 C3 D2 2 10.80 3 1.15 
67 83 06/15/95 CO D1 2 9.75 3 0.94 
68 83 06/15/95 CO D2 2 14.82 3 1.11 
69 B3 06/15/95 CI D1 2 8.57 3 0.96 
70 83 06/15/95 CI D2 2 15.01 3 1.13 
71 B3 06/15/95 C3 D1 2 10.27 3 0.95 
72 83 06/15/95 C3 D2 2 15.47 3 1.15 
73 B1 06/22/95 CO D1 2 13.04 3 1.01 
74 81 06/22/95 CO D2 2 18.19 3 1.16 
75 B1 06/22/95 CI D1 2 9.57 3 0.96 
76 B1 06/22/95 CI D2 2 14.20 3 1.30 
77 81 06/22/95 C3 D1 2 10.16 3 0.97 
78 81 06/22/95 C3 D2 2 18.40 3 1.16 
79 82 06/22/95 CO D1 2 7.58 3 1.07 
80 82 06/22/95 CO D2 2 12.23 3 1.22 
81 82 06/22/95 CI D1 2 5.69 3 1.09 
82 82 06/22/95 CI D2 2 10.76 3 1.14 
83 82 06/22/95 C3 D1 2 7.10 3 1.02 
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Table C. 8 (Continued) 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
Frequency 3D 
(Mg/m') 
84 B2 06/22/95 C3 D2 2 11.85 3 1.21 
85 33 06/22/95 CO D1 2 9.18 3 1.01 
86 33 06/22/95 CO D2 2 14.20 3 1.16 
87 33 06/22/95 CI D1 2 8.90 3 0.98 
88 33 06/22/95 CI D2 2 12.98 3 1.29 
89 33 06/22/95 C3 D1 2 7.90 3 0.97 
90 33 06/22/95 C3 D2 2 13.61 3 1.15 
91 31 06/30/95 CO D1 2 10.31 3 1.05 
92 31 06/30/95 CO D2 2 16.89 3 1.19 
93 31 06/30/95 CI D1 2 12.31 3 0.95 
94 31 06/30/95 CI D2 2 20.04 3 1.18 
95 31 06/30/95 C3 D1 2 12.22 3 0.91 
96 31 06/30/95 C3 D2 2 19.57 3 1.14 
97 32 06/30/95 CO D1 2 11.15 3 0.97 
98 32 06/30/95 CO D2 2 14.30 3 1.19 
99 32 06/30/95 CI D1 2 10.62 3 1.00 
100 32 06/30/95 CI D2 2 14.86 3 1.31 
101 32 06/30/95 C3 D1 2 9,40 3 0.94 
102 32 06/30/95 C3 D2 2 14.90 3 1.24 
103 33 06/30/95 CO D1 2 8.94 3 0.91 
104 33 06/30/95 CO D2 2 14.50 3 1.29 
105 33 06/30/95 CI D1 2 12.72 3 0.97 
106 33 06/30/95 CI D2 2 16.86 3 1.17 
107 33 06/30/95 C3 D1 2 9.15 3 0.88 
108 33 06/30/95 C3 D2 2 14.57 3 1.19 
109 31 07/31/95 CO D1 2 8.73 3 1.02 
110 31 07/31/95 CO D2 2 13.91 3 1.14 
111 31 07/31/95 CI D1 2 9.35 3 1.01 
112 31 07/31/95 CI D2 2 15.54 3 1.15 
113 31 07/31/95 C3 D1 2 8.28 3 1.08 
114 31 07/31/95 C3 D2 2 13.42 3 1.17 
115 32 07/31/95 CO D1 2 7.05 3 1.03 
116 32 07/31/95 CO D2 2 14.18 3 1.14 
117 32 07/31/95 CI D1 2 8.49 3 1.06 
118 32 07/31/95 CI D2 2 13.37 3 1.11 
119 32 07/31/95 C3 D1 2 7.78 3 1.05 
120 32 07/31/95 C3 D2 2 13.56 3 1.18 
121 33 07/31/95 CO D1 2 11.04 3 1.05 
122 33 07/31/95 CO D2 2 16.64 3 1.20 
123 33 07/31/95 CI D1 2 10.69 3 1.11 
124 33 07/31/95 CI D2 2 15.79 3 1.26 
125 33 07/31/95 C3 D1 2 9.37 3 1.01 
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Table C. 8 (Continued) 
No Block Planting 
date 
Coulter Depth Frequency MC 
(%) 
Frequency BD 
(Mg/m') 
126 B3 07/31/95 C3 D2 2 15.07 3 1.13 
127 Bl 08/02/95 CO Dl 2 7.94 3 0.89 
128 Bl 08/02/95 CO D2 2 13.05 3 1.13 
129 Bl 08/02/95 CI Dl 2 8,44 3 0.90 
130 Bl 08/02/95 CI D2 2 13.01 3 1.14 
131 Bl 08/02/95 C3 Dl 2 9.91 3 0.94 
132 Bl 08/02/95 C3 D2 2 14.33 3 1.07 
133 B2 08/02/95 CO Dl 2 6.87 3 0.97 
134 B2 08/02/95 CO D2 2 12.89 3 1.10 
135 B2 08/02/95 CI Dl 2 8.82 3 1.05 
136 B2 08/02/95 CI D2 2 13.72 3 1.33 
137 B2 08/02/95 C3 Dl 2 7.16 3 0.98 
138 B2 08/02/95 C3 D2 2 12.47 3 1.22 
139 B3 08/02/95 CO Dl 2 7.49 3 0.97 
140 B3 08/02/95 CO D2 2 14.03 3 1.25 
141 B3 08/02/95 CI Dl 2 7.92 3 1.01 
142 B3 08/02/95 CI D2 2 12.21 3 1.16 
143 B3 08/02/95 C3 Dl 2 7.68 3 0.98 
144 B3 08/02/95 C3 D2 2 12.11 3 1.26 
145 Bl 08/07/95 CO Dl 2 8.86 3 0.93 
146 Bl 08/07/95 CO D2 2 15.79 3 1.06 
147 Bl 08/07/95 CI Dl 2 9.85 3 0.91 
148 Bl 08/07/95 CI D2 2 15.42 3 1.18 
149 Bl 08/07/95 C3 Dl 2 7.83 3 0.88 
150 Bl 08/07/95 C3 D2 2 13.93 3 1.07 
151 B2 08/07/95 CO Dl 2 9.80 3 1.03 
152 B2 08/07/95 CO D2 2 13.18 3 1.15 
153 B2 08/07/95 CI Dl 2 9.63 3 1.02 
154 B2 08/07/95 CI D2 2 14.70 3 1.12 
155 B2 08/07/95 C3 Dl 2 9.32 3 1.01 
156 B2 08/07/95 C3 D2 2 14.16 3 1.26 
157 B3 08/07/95 CO Dl 2 9.22 3 1.04 
158 B3 08/07/95 CO D2 2 13.14 3 1.17 
159 B3 08/07/95 CI Dl 2 10.47 3 0.88 
160 B3 08/07/95 CI D2 2 14.97 3 1.23 
161 B3 08/07/95 C3 Dl 2 8.32 3 0.97 
162 B3 08/07/95 C3 D2 2 13.24 3 1.26 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter 
treatments respectively 
Dl, D2=Dcpth 1 (0-50 mm) and Depth 2 (50-100 mm) respectively 
MC=Moisture content 
BD=Bulk density 
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Table C.9 Air permeability at planting for growth chamber study 2, 1995 
No Block Planting 
date 
Coulter Frequency Permeability 
(X E-11 m^) 
1 B1 05/16/95 CO 3 1.69 
2 El 05/16/95 CI 3 3.33 
3 B1 05/16/95 C3 3 10.77 
4 B2 05/16/95 CO 3 3.15 
5 B2 05/16/95 CI 3 5.43 
6 B2 05/16/95 C3 3 12.35 
7 B3 05/16/95 CO 3 3.61 
8 B3 05/16/95 CI 3 6.03 
9 B3 05/16/95 C3 3 12.23 
10 B1 05/24/95 CO 3 2.39 
11 El 05/24/95 CI 3 4,88 
12 El 05/24/95 C3 3 13.25 
13 B2 05/24/95 CO 3 3.77 
14 E2 05/24/95 CI 3 6.11 
15 B2 05/24/95 C3 3 13.29 
16 B3 05/24/95 CO 3 3.85 
17 E3 05/24/95 CI 3 7.26 
18 B3 05/24/95 C3 3 15.78 
19 El 05/31/95 CO 3 2.39 
20 El 05/31/95 CI 3 4.88 
21 El 05/31/95 C3 3 13.25 
22 B2 05/31/95 CO 3 3.77 
23 E2 05/31/95 CI 3 6.11 
24 E2 05/31/95 C3 3 13.29 
25 E3 05/31/95 CO 3 3.85 
26 B3 05/31/95 CI 3 7.26 
27 E3 05/31/95 C3 3 15.78 
28 El 06/15/95 CO 3 2.62 
29 El 06/15/95 CI 3 5.42 
30 El 06/15/95 C3 3 14.76 
31 E2 06/15/95 CO 3 3.41 
32 E2 06/15/95 CI 3 5.83 
33 B2 06/15/95 C3 3 13.25 
34 B3 06/15/95 CO 3 3.83 
35 E3 06/15/95 CI 3 7.36 
36 B3 06/15/95 C3 3 19.80 
37 El 06/22/95 CO 3 5.54 
38 El 06/22/95 CI 3 16.73 
39 El 06/22/95 C3 3 18.81 
40 B2 06/22/95 CO 3 6.74 
41 B2 06/22/95 CI 3 12.34 
42 E2 06/22/95 C3 3 17.74 
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Table C. 9 (Continued) 
No Block Planting 
date 
Coulter Frequency Permeability 
(x E-11 m') 
43 B3 06/22/95 CO 3 6.59 
44 83 06/22/95 CI 3 10.23 
45 B3 06/22/95 C3 3 17.39 
46 Bl 06/30/95 CO 3 2.33 
47 Bl 06/30/95 CI 3 6.26 
48 Bl 06/30/95 C3 3 15.77 
49 B2 06/30/95 CO 3 3.46 
50 B2 06/30/95 CI 3 5.81 
51 B2 06/30/95 C3 3 10.44 
52 B3 06/30/95 CO 3 3.89 
53 B3 06/30/95 CI 3 7.72 
54 B3 06/30/95 C3 3 19.05 
55 Bl 07/31/95 CO 3 11.34 
56 Bl 07/31/95 CI 3 15.13 
57 Bl 07/31/95 C3 3 27.78 
58 B2 07/31/95 CO 3 12.51 
59 B2 07/31/95 CI 3 16.92 
60 B2 07/31/95 C3 3 45.30 
61 B3 07/31/95 CO 3 7.29 
62 B3 07/31/95 CI 3 11.34 
63 B3 07/31/95 C3 3 20.69 
64 Bl 08/02/95 CO 3 3.37 
65 Bl 08/02/95 CI 3 5.98 
66 Bl 08/02/95 C3 3 11.41 
67 B2 08/02/95 CO 3 4.22 
68 B2 08/02/95 CI 3 7.93 
69 B2 08/02/95 C3 3 19.25 
70 B3 08/02/95 CO 3 3,32 
71 B3 08/02/95 CI 3 6.08 
72 B3 08/02/95 C3 3 17.19 
73 Bl 08/07/95 CO 3 7.55 
74 Bl 08/07/95 CI 3 15.85 
75 Bl 08/07/95 C3 3 22,82 
76 B2 08/07/95 CO 3 6.14 
77 B2 08/07/95 CI 3 11,75 
78 B2 08/07/95 C3 3 19.92 
79 B3 08/07/95 CO 3 5.52 
80 B3 08/07/95 CI 3 7.48 
81 B3 08/07/95 C3 3 14.18 
Bl, B2, B3=Repiications 
CO, CI, C3=No-coulter, Single offset bubble coulter and Triple offset fluted coulter treatment 
respectively 
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Table C. 10 Emergence rate index and percent emergence for growth chamber study 2, 
1995 
No Block Planting 
date 
Coulter Frequency ERIG Emergence 
(%) 
1 B1 05/16/95 CO 1 15.63 100.00 
2 81 05/16/95 CI 1 16.77 100.00 
3 B1 05/16/95 C3 1 20,00 100.00 
4 B2 05/16/95 CO 1 18.19 100.00 
5 B2 05/16/95 CI 1 20.00 100.00 
6 B2 05/16/95 C3 1 20.00 100.00 
7 B3 05/16/95 CO 1 16.57 100.00 
8 B3 05/16/95 CI 1 20.00 100.00 
9 B3 05/16/95 C3 1 18.04 100.00 
10 B1 05/24/95 CO 1 11.68 100.00 
11 B1 05/24/95 CI 1 16.40 100.00 
12 B1 05/24/95 C3 1 17.08 100.00 
13 B2 05/24/95 CO 1 15.94 100.00 
14 B2 05/24/95 CI 1 18.10 100.00 
15 B2 05/24/95 C3 1 15.87 100.00 
16 B3 05/24/95 CO 1 18.45 100.00 
17 B3 05/24/95 CI 1 13.62 100.00 
18 B3 05/24/95 C3 1 19.52 100.00 
19 B1 05/31/95 CO 1 16.85 100.00 
20 B1 05/31/95 CI 1 18.79 100.00 
21 B1 05/31/95 C3 1 15.24 100.00 
22 B2 05/31/95 CO 1 18.19 100.00 
23 B2 05/31/95 CI 1 17.24 100.00 
24 B2 05/31/95 C3 1 17.78 100.00 
25 B3 05/31/95 CO 1 20.00 100.00 
26 B3 05/31/95 CI 1 18.45 100.00 
27 B3 05/31/95 C3 1 18.19 100.00 
28 B1 06/15/95 CO 1 19.26 100.00 
29 B1 06/15/95 CI 1 25.00 100.00 
30 B1 06/15/95 C3 1 21.67 100.00 
31 B2 06/15/95 CO 1 19.33 100.00 
32 B2 06/15/95 CI 1 21.43 100.00 
33 B2 06/15/95 C3 1 24.29 100.00 
34 83 06/15/95 CO 1 20.93 100.00 
35 83 06/15/95 CI 1 24.44 100.00 
36 83 06/15/95 C3 1 19.33 100.00 
37 81 06/22/95 CO 1 22.92 100.00 
38 81 06/22/95 CI 1 19.05 100.00 
39 81 06/22/95 C3 1 9.79 50.00 
40 82 06/22/95 CO I 22.04 100.00 
41 82 06/22/95 CI 1 22.69 100.00 
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Table C. 10 (Continued) 
No Block Planting Coulter Frequency ERIG Emergence 
date (%) 
42 B2 06/22/95 C3 1 23.93 100.00 
43 B3 06/22/95 CO 1 18.98 100.00 
44 B3 06/22/95 CI 1 24.44 100.00 
45 B3 06/22/95 C3 1 11.11 17.00 
46 Bl 06/30/95 CO 1 20.00 100.00 
47 Bl 06/30/95 CI 1 20.00 100.00 
48 Bl 06/30/95 C3 1 20.00 100.00 
49 B2 06/30/95 CO 1 20.00 100.00 
50 B2 06/30/95 CI 1 20.00 100.00 
51 B2 06/30/95 C3 I 20.00 100.00 
52 B3 06/30/95 CO I 19.17 100.00 
53 B3 06/30/95 CI 1 20.00 100.00 
54 B3 06/30/95 C3 1 20.00 100.00 
55 Bl 07/31/95 CO 1 18.33 100.00 
56 Bl 07/31/95 CI 1 14.29 33.00 
57 Bl 07/31/95 C3 1 15.86 100.00 
58 B2 07/31/95 CO 1 18.10 50.00 
59 B2 07/31/95 CI 1 16.69 71.00 
60 B2 07/31/95 C3 1 20.00 100.00 
61 B3 07/31/95 CO 1 20.00 100.00 
62 B3 07/31/95 CI 1 17.74 80.00 
63 B3 07/31/95 C3 1 16.89 100.00 
64 Bl 08/02/95 CO 1 21.33 100.00 
65 Bl 08/02/95 CI 1 20.56 100.00 
66 Bl 08/02/95 C3 1 19.76 100.00 
67 B2 08/02/95 CO 1 22.78 100.00 
68 B2 08/02/95 CI 1 23.00 100.00 
69 B2 08/02/95 C3 1 19.05 100.00 
70 B3 08/02/95 CO 1 21.25 100.00 
71 B3 08/02/95 CI 1 20.56 100.00 
72 B3 08/02/95 C3 1 21.43 100.00 
73 Bl 08/07/95 CO 1 21.11 100.00 
74 Bl 08/07/95 CI 1 21.67 100.00 
75 Bl 08/07/95 C3 1 23.10 100.00 
76 B2 08/07/95 CO I 18.19 100.00 
77 B2 08/07/95 CI 1 23,75 100.00 
78 B2 08/07/95 C3 1 24.38 100.00 
79 B3 08/07/95 CO 1 23.58 100,00 
80 B3 08/07/95 CI 1 22,95 100.00 
81 B3 08/07/95 C3 1 21.88 100.00 
Bl, B2, B3=Replicalions 
CO, CI, C3=No-couher, Single offset bubble coulter, and Triple offset fluted coulter treatment respectively 
ERIG=Emergence rate index in growth chambcr 
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Table C. 11 Penetration resistance 28 days after planting below seed level and in 
the sidewall for growth chamber study 2,1995 
No Block Planting Coulter Frequency VPR SPR 
date (kPa) (kPa) 
1 B1 05/16/95 CO 3 5614.1 4890.0 
2 El 05/16/95 CI 3 7135.7 6275.2 
3 B1 05/16/95 C3 3 3599.3 2403.0 
4 B2 05/16/95 CO 3 4040.1 3379.0 
5 B2 05/16/95 CI 3 4963.5 3515.4 
6 B2 05/16/95 C3 3 3179.6 2298.1 
7 B3 05/16/95 CO 3 4145.0 3599.3 
8 B3 05/16/95 CI 3 5078.9 4585.7 
9 B3 05/16/95 C3 3 3242.5 2780.8 
10 B1 05/24/95 CO 3 5593.1 3672.8 
11 B1 05/24/95 CI 3 7880.7 5456.7 
12 B1 05/24/95 C3 3 4207.9 2854.3 
13 B2 05/24/95 CO 3 3851.2 2959.2 
14 B2 05/24/95 CI 3 4879.5 3462.9 
15 B2 05/24/95 C3 3 2896.2 2424.0 
16 B3 05/24/95 CO 3 5593.1 3609.8 
17 B3 05/24/95 CI 3 5467.2 4648.7 
18 B3 05/24/95 C3 3 4512.3 3148.1 
19 BI 05/31/95 CO 3 5569.1 3146.3 
20 B1 05/31/95 CI 3 6140.3 3270.1 
21 Bl 05/31/95 C3 3 3869.8 2475.2 
22 B2 05/31/95 CO 3 4712.3 2522.8 
23 B2 05/31/95 CI 3 5807.1 3950.7 
24 B2 05/31/95 C3 3 3370.0 2056.3 
25 B3 05/31/95 CO 3 3374.8 3022.5 
26 B3 05/31/95 CI 3 3836.5 3060.6 
27 B3 05/31/95 C3 3 3331.9 2618.0 
28 Bl 06/15/95 CO 3 4240.3 2966.1 
29 Bl 06/15/95 CI 3 5707.3 4497.3 
30 Bl 06/15/95 C3 3 3308.7 2398.6 
31 B2 06/15/95 CO 3 6478.2 6060.6 
32 B2 06/15/95 CI 3 7441.9 3704.9 
33 B2 06/15/95 C3 3 5557.3 3769.1 
34 B3 06/15/95 CO 3 4893.5 4090.4 
35 B3 06/15/95 CI 3 6488.9 5503.8 
36 B3 06/15/95 C3 3 4497.3 3373.0 
37 Bl 06/22/95 CO 3 2933.9 1948.8 
38 Bl 06/22/95 CI 3 2869.7 2130.9 
39 Bl 06/22/95 C3 3 2088.0 1263.5 
40 B2 06/22/95 CO 3 2612.7 1756.1 
41 B2 06/22/95 CI 3 3041.0 2602.0 
42 B2 06/22/95 C3 3 1713.2 1124.3 
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Table C. 11 (Continued) 
No Block Planting Coulter Frequency VPR SPR 
date (kPa) (kPa) 
43 83 06/22/95 CO 3 2773,3 2580.6 
44 B3 06/22/95 CI 3 3779.9 2998.2 
45 B3 06/22/95 C3 3 1991.7 2216.5 
46 Bl 06/30/95 CO 3 4497.3 4176.0 
47 Bl 06/30/95 CI 3 5193.3 2634.1 
48 Bl 06/30/95 C3 3 2880.4 1649.0 
49 B2 06/30/95 CO 3 3501.5 3030,3 
50 B2 06/30/95 CI 3 4015.4 3779,9 
51 B2 06/30/95 C3 3 2998.2 2098.7 
52 B3 06/30/95 CO 3 4582.9 3276.6 
53 B3 06/30/95 CI 3 5535.9 4229.6 
54 B3 06/30/95 C3 3 2420.0 1467.0 
55 Bl 07/31/95 CO 3 3083.8 2612,7 
56 Bl 07/31/95 CI 3 3116.0 2784,0 
57 Bl 07/31/95 C3 3 2002.4 1220,7 
58 B2 07/31/95 CO 3 2794.7 1670,4 
59 B2 07/31/95 CI 3 3298.0 2677,0 
60 B2 07/31/95 C3 3 2494.9 1809,6 
61 B3 07/31/95 CO 3 3640.7 2270.1 
62 B3 07/31/95 CI 3 2998.2 3276.6 
63 B3 07/31/95 C3 3 1980,9 1092.2 
64 Bl 08/02/95 CO 3 4636.5 3555.0 
65 Bl 08/02/95 CI 3 5482,4 3940,5 
66 Bl 08/02/95 C3 3 3597.8 2644,8 
67 B2 08/02/95 CO 3 4690.0 3169,5 
68 B2 08/02/95 CI 3 7334.8 5718,0 
69 B2 08/02/95 C3 3 3051.7 2109,4 
70 B3 08/02/95 CO 3 4176.0 2901,8 
71 B3 08/02/95 CI 3 4936,3 3137.4 
72 B3 08/02/95 C3 3 3105,3 1477,7 
73 Bl 08/07/95 CO 3 3116.0 2077,3 
74 Bl 08/07/95 CI 3 3233.8 2537,7 
75 Bl 08/07/95 C3 3 2141.6 1038,7 
76 B2 08/07/95 CO 3 4561.5 4004.7 
77 B2 08/07/95 CI 3 5375.3 4272.4 
78 B2 08/07/95 C3 3 3619,2 1477,7 
79 B3 08/07/95 CO 3 5204,0 2751,9 
80 B3 08/07/95 CI 3 6478,2 4368,8 
81 B3 08/07/95 C3 3 2677.0 942,3 
Bl, B2, B3=Replications 
CO, CI, C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
VPR=Vertical penetration resistance below seed level 
SPR=Sidewall penetration resistance 
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Table C. 12 Plant dry matter weight 28 days after planting for growth chamber study 2, 
1995 
No Block Planting Coulter Frequency IFPER TPL TIFOFO SHWTO 
date (mg) (mg) (mg) 
1 B1 05/16/95 CO 1 39.1 510.0 230.0 280.0 
2 El 05/16/95 CI 1 66.7 240.0 90.0 150.0 
3 El 05/16/95 C3 1 20.0 670.0 250.0 420.0 
4 B2 05/16/95 CO 1 37.8 1280.0 370.0 910.0 
5 B2 05/16/95 CI 1 28.9 1310.0 450.0 860.0 
6 E2 05/16/95 C3 1 33.3 1550.0 90.0 1460.0 
7 B3 05/16/95 CO 1 70.0 280.0 100.0 180.0 
8 E3 05/16/95 CI 1 25.0 910.0 320.0 590.0 
9 B3 05/16/95 C3 1 31.6 590.0 190.0 400.0 
10 B1 05/24/95 CO 1 61.5 310.0 130.0 180.0 
11 El 05/24/95 CI 1 57.9 470.0 190.0 280.0 
12 El 05/24/95 C3 1 66.7 400.0 150.0 250.0 
13 B2 05/24/95 CO 1 44.4 470.0 180.0 290.0 
14 B2 05/24/95 CI 1 39.4 760.0 330.0 430.0 
15 B2 05/24/95 C3 1 58.8 440.0 170.0 270.0 
16 E3 05/24/95 CO 1 28.6 1220.0 420.0 800.0 
17 E3 05/24/95 CI 1 53.3 570.0 150.0 420.0 
18 E3 05/24/95 C3 1 40.9 710.0 220.0 490.0 
19 El 05/31/95 CO 1 45.0 670.0 200.0 470.0 
20 El 05/31/95 CI 1 42.1 600.0 190.0 410.0 
21 El 05/31/95 C3 1 36.8 510.0 190.0 320.0 
22 E2 05/31/95 CO 1 37.9 880.0 290.0 590.0 
23 E2 05/31/95 CI 1 38.9 460.0 180.0 280.0 
24 E2 05/31/95 C3 1 45.8 660.0 240.0 420.0 
25 B3 05/31/95 CO 1 29.6 1030.0 270.0 760.0 
26 E3 05/31/95 CI 1 68.4 880.0 380.0 500.0 
27 E3 05/31/95 C3 1 34.8 680.0 230.0 450.0 
28 El 06/15/95 CO 1 37.0 1890.0 270.0 1620.0 
29 El 06/15/95 CI 1 42.1 2290.0 380.0 1910.0 
30 El 06/15/95 C3 1 47.4 2130.0 380.0 1750.0 
31 E2 06/15/95 CO 1 53.8 420.0 130.0 290.0 
32 E2 06/15/95 CI I 22.5 1320.0 400.0 920.0 
33 E2 06/15/95 C3 1 36.7 920.0 300.0 620,0 
34 E3 06/15/95 CO 1 40.0 1460.0 300.0 1160,0 
35 B3 06/15/95 CI 1 40.0 1190.0 250.0 940.0 
36 E3 06/15/95 C3 1 43.6 1790.0 390.0 1400.0 
37 El 06/22/95 CO 1 51.4 1580.0 350.0 1230.0 
38 El 06/22/95 CI 1 52.4 770.0 210.0 560,0 
39 El 06/22/95 C3 1 58.1 420.0 310.0 110.0 
40 E2 06/22/95 CO 1 25.0 1240.0 440.0 800.0 
41 E2 06/22/95 CI 1 25.0 970.0 280.0 690.0 
42 B2 06/22/95 C3 1 26.5 1020.0 340.0 680.0 
43 B3 06/22/95 CO 1 50.0 600.0 140.0 460.0 
44 B3 06/22/95 CI 1 33.3 910.0 210.0 700.0 
45 B3 06/22/95 C3 1 64.3 240.0 140.0 100.0 
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Table C. 12 (Continued) 
No Block Planting Coulter Frequency IFPER TPL TIFOFO SHWTO 
date (mg) (mg) (mg) 
46 Bl 06/30/95 CO 1 34.6 1730.0 520.0 1210.0 
47 Bl 06/30/95 CI 1 24.2 2230.0 620.0 I6I0.0 
48 Bl 06/30/95 C3 1 31.6 1700,0 570,0 1130,0 
49 B2 06/30/95 CO 1 33.3 1140.0 330.0 810.0 
50 B2 06/30/95 CI 1 33.3 1440.0 510,0 930.0 
51 B2 06/30/95 C3 1 29.6 1430.0 540.0 890.0 
52 B3 06/30/95 CO 1 52.0 940,0 250.0 690.0 
53 B3 06/30/95 CI 1 34.4 1140.0 320.0 820.0 
54 B3 06/30/95 C3 1 34.8 1660.0 460.0 1200,0 
55 Bl 07/31/95 CO 1 52.2 1260.0 460.0 800,0 
56 Bl 07/31/95 CI 1 75.0 1140.0 600.0 540,0 
57 Bl 07/31/95 C3 1 36.0 630.0 250.0 380,0 
58 B2 07/31/95 CO 1 59.1 1640.0 660.0 980.0 
59 B2 07/31/95 CI 1 37.9 720.0 290.0 430.0 
60 B2 07/31/95 C3 1 38.7 920.0 310.0 610.0 
61 B3 07/31/95 CO 1 30.8 1960.0 650.0 1310.0 
62 B3 07/31/95 CI 1 37.1 1010.0 350,0 660.0 
63 B3 07/31/95 C3 1 30.0 860.0 300,0 560.0 
64 Bl 08/02/95 CO 1 44.4 870.0 270,0 600.0 
65 Bl 08/02/95 CI 1 24.3 1200.0 370,0 830.0 
66 Bl 08/02/95 C3 1 42.1 820.0 190.0 630.0 
67 B2 08/02/95 CO 1 26.3 1170.0 380.0 790.0 
68 B2 08/02/95 CI 1 40.0 740.0 250.0 490.0 
69 B2 08/02/95 C3 1 31.0 640.0 290.0 350.0 
70 B3 08/02/95 CO 1 37.0 780.0 270.0 510.0 
71 B3 08/02/95 CI 1 36.7 850.0 300.0 550.0 
72 B3 08/02/95 C3 1 30.3 960.0 330.0 630.0 
73 Bl 08/07/95 CO I 40.0 1160.0 350,0 810.0 
74 Bl 08/07/95 CI 1 36.7 900.0 300,0 600.0 
75 Bl 08/07/95 C3 1 27.8 1070.0 360,0 710.0 
76 B2 08/07/95 CO 1 75.8 660.0 330.0 330.0 
77 B2 08/07/95 CI 1 50.0 1000.0 360.0 640.0 
78 B2 08/07/95 C3 1 44.4 800.0 270.0 530.0 
79 B3 08/07/95 CO 1 41.9 1420.0 430.0 990.0 
80 B3 08/07/95 CI 1 53.3 890.0 300.0 590,0 
81 B3 08/07/95 C3 1 37.5 850.0 240.0 610,0 
B l ,  B 2 ,  B 3 = R e p l i c a t i o n s  
C0,Cl,C3=No-coulter, Single offset bubble coulter, and Triple offset fluted coulter treatment 
respectively 
IFPER=In-furrow root dry weight percent of TIFOFO 
TPL=Total plant dry matter weight (shoot and root) for one plant 
TIFOFO=Total in-firrow and out of furrow root dry weight for one plant 
SHWTO=Shoot dry matter weight for one plant 
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Table C . 13 Analysis of variance of soil moisture and bulk density before planting com for 
growth chamber 1, 1994 
Depth 
(mm) Source 
Soil moisture 
DF 
Bulk density 
DF 
0-50 
50-100 
B j 2 
PD 1 8 
Error | 16 
Corrected 1 26 
total I 
Source j DF 
B J 2 
PD ! 8 
Error j 16 
Corrected \ 26 
total I 
4.53 **  
H 
I 
I 
H 
< 1 
2 
8 
16 
26 
DF 
2 
8 
16 
26 
1.36 
2.25 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table C . 14 Analysis of variance of soil moisture and bulk density 28 days after planting 
for growth chamber 1, 1994 
Depth 
(mm) Source 
Soil moisture 
DF 
Bulk density 
DF 
0-50 
50-100 
B 1 2 
PD : 8 
Error(l) ! 16 
C i 2 
PD*C i 16 
Error(2) 1 36 
Corrected I 80 
total 
1— 
Source I DF 
* +  
2 
1.76 1 8 6.86 
16 
1.46 1 2 26.95 ** 
1.01 ; 16 2.72 
36 
80 
DF 
+" +-• 
B 
PD 
Error(l) 
C 
PD*C 
Error(2) 
Corrected 
total 
2 
8 
16 
2 
16 
36 
80 
1.43 
< 1 
< 1 
2 
8 
16 
2 
16 
36 
80 
2.84 
7.49 ** 
< 1 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
Table C. 15 Analysis of variance for air permeability, com emergence and soil penetration resistance 28 DAP for growth 
chamber 1, 1994 
Source DF 
Air 
Permeability 
Emergence Penetration resistance 
1 
ERIG 1 Percent 
• 
VPR ; SPR 
F -test F -test F -test 
B 2 - - - - -
PD 8 3.98 *• 12.36** 1.1 14.32** 6.53 ** 
Error(l) 16 - - - - -
C 2 12.78 ** 23.71 ** 2.1 24.66 ** 48.83 ** 
PD*C 16 2.42 * < 1 1.7 1.0 < 1 
Error(2) 36 - - - - -
Corrected 
total 
80 
ERIG=Emergence rate index in growth chamber; VPR=Vertical penetration resistance below seed level; 
SPR=Sidewall penetration resistance; 
*Significant at 0.05 probability level 
**Significant at 0.01 probability level 
Table C. 16 Analysis of variance for plant component's dry matter weight 28 DAP for growth chamber 1, 1994 
Plant dry matter weight 
Source DF IFPER 1 
1 1 
TIFOFO 1 SHWTO [ 
1 1 
TPL 
F -test 
B 2 
1 1 1 
i 1 1 
PD 8 7.98 ** 1 7.35 ** 1 6.2 ** 1 5.43 ** 
Error(l) 16 1 1 1 
C 2 3.41 * ! 3.73 * ! 4.02 * 1 4.3 * 
PD*C 16 2.26 * 1 <1 ! 1.26 ; 1.3 
Error(2) 36 1 1 1 
Corrected 
total 
80 1 1 1 
1 1 1 
1 1 1 
IFPER=In-furrow root dry matter percent of TIFOFO SHWTO=Shoot dry matter weight for one plant; 
TPL=Total plant dry matter weight (shoot and root) for one plant 
TIFOFO=Total root dry matter weight (in-fiirrow and out of furrow) for one plant 
•Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table C. 17 Analysis of variance of soil moisture and bulk density before planting com for 
growth chamber 2,1995 
Source 
Soil moisture 
DF 
Bulk density 
DF 
B 
PD 
Error 
Corrected 
total 
2 
8 
16 
26 
34.4 * *  
2 
8 
16 
26 
< 1 
f" -h- -h-
Source 
H— 
B 
PD 
Error 
Corrected 
total 
DF 
2 
8 
16 
26 
13.2 
DF 
2 
8 
16 
26 
2.42 
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
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Table C . 18 Analysis of variance of soil moisture and bulk density 28 days after planting 
for growth chamber 2, 1995 
Depth 
1 
1 
1 
1 1 
1 
1 
Soil moisture 
1 
1 
1 Bulk density 
(mm) 1 Source 
1 
1 
1 DF F 
I 
1 DF F 
0-50 ! B 
1 
1 
1 2 -
1 
1 2 -
1 PD 1 1 
1 
8 2.39 1 1 8 2.62* 
j Error(l) 
1 
1 
1 16 -
I 
1 16 -
1 c 1 1 
1 
2 2.4 1 1 2 18.81 •* 
! PD*C 
1 
1 
1 
1 
16 < 1 I 1 16 2.80** 
J Error(2) 
1 
1 
1 36 -
t 
1 36 -
1 Corrected 
1 total 
1 
1 
1 
1 
-+~ 
I 
1 
--h-
1 
1 
80 
-
1 
1 
1 
1 
1 
1 
80 -
50-100 1 Source DF F 
1 
1 
1 
1 
1 
1 
DF F 
IB 1 
2 -
1 
1 
1 
1 
1 
1 
2 -
I 
! PD 1 1 1 
8 1.2 1 1 8 2.3 
1 Error(l) 
1 1 1 
1 
16 
-
1 
1 16 -
1 c 
\ 
1 
1 2 1.53 
1 
1 2 6.74 ** 
! PD*C 1 1 
I 
16 2.18 1 1 16 < 1 
1 Error(2) 36 - 1 1 36 -
1 Corrected 
1 total 
I 
80 
-
1 
1 
1 
1 
1 
80 -
B=Block PD=Planting date C=Coulter 
* Significant at 0.05 probability level 
** Significant at 0.01 probability level 
Table C. 19 Analysis of variance for air permeability, com emergence and soil penetration resistance 28 DAP for growth 
chamber 2, 1995 
Air Emergence Penetration resistance 
Source OF Permeability ERIG Percent VPR SPR 
1 
F -test F -test F -test 
B 2 - - - - -
PD 8 6.12 •• 10.64 ** 4.4 4.06 •• 4.83 ** 
Error(l) 16 - - - - -
C 2 178.13 ** 1.06 < 1 84.59 ** 48.29 ** 
PD*C 16 1.95 * 1.7 2.96 ** < 1 < 1 
Error(2) 36 - - - - -
Corrected 
total 
80 
ERIG=Emergence rate index in growth chamber; VPR=Vertical penetration resistance below seed level; 
SPR=Sidewall penetration resistance; 
*Significant at 0.05 probability level 
**Significant at 0.01 probability level 
Table C. 20 Analysis of variance for plantcomponent's dry matter weight 28 DAP for growth chamber 2, 1995 
Source DP 
Plant dry matter weight 
1 1 i 
IFPER j TIFOFO | SHWTO ! TPL 
1 1 1 
F -test 
B 2 - - - -
PD 8 1.03 5.62 •* 2.43 2.74 * 
Error(l) 16 - - - -
C 2 < 1 1.2 1.4 1.63 
PD*C 16 < 1 1.53 1.96 * 1.97 * 
Error(2) 36 - - - -
Corrected 
total 
80 
IFPER=In-furrow root dry matter percent of TIFOFO SHWTO=Shoot dry matter weight for one plant; 
TPL=Total plant dry matter weight (shoot and root) for one plant 
TIFOFO=Total root dry matter weight (in-fiirrow and out of furrow) for one plant 
*Significant at 0.05 probability level 
**Significant at 0.01 probability level 
